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February 11, 2000

Ms. Wendy R Dixon

EIS Project Director

Office of Civilian Radioactive Waste Management
Yucca Mountain Site Characterization Office

F.0O. Box 30307, M/S 010

North Las Vegas, NV 89036-0107

Dear Mz, Dixon:

In gccordance with the National Environmental Policy Act (NEPA), Scction 309 of the
Clean Air Act, and the Council an Envirenmental Quality's implementing regulations (40 CFR
| 500-1508), the Environmental Protection Agency (EPA) is providing you comments on the
Draft Environmental lmpact Statement (EIS) for a Geologic Repository for the Disposal of Spent
Muelear Fuel and High-Level Radioactive Wasle at Yucca Mountain, Nye County, Mevada, dated
July 199% (DOE/EIS-0250D, CEQ# 990282).

The Proposed Action addressed in the draft EIS is io construct, operate, monitor, and
eventually close a geologic repository at Yueea Mountain in southern Nevada for the disposal of
spent nuclear fuel and high-level radiosctive waste currently in storage at 72 commercial and five
Department of Energy {OE) sites across the nation,

As outlined in this letter and accompanying detailed comments, EPA is seeking a number
of clanfications aboul and additional data on the environmental impacts of the proposed project,
We cxpect thet DOE will be able to provide this information and ensble EPA 1o fully assess the
praject’s impacts. EPA is therefore rating the Yuces Mountain EIS as “EC-2", Environments]
Concerns-Insufficient Information. EPA's major issues are summarized below, end our detailed
comments are enclosed.

1 EA. commends DOE for what is generally a well-organized and plain English document

2... ona highly complex subject, |However] FPA could not always find data or explanations to
support the conclusions drawn. A prime example of thiz is that EPA found insufficient data o
suppat the prediction of the movement of radionuclides in the saturated zone beneath the
repository. These data are needed to determine if the facility’s performance will satisfy
applicable radiation standards designed to protect ground water resources and public water
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2 gont. Epplies. As you know, EPA has proposed standards applicable to Yucca Mountain,

The draft EIS acknowledges that on-going studies al the proposed repository site and the
continuing investigations of engineered barriers and waste package designs are not scheduled to
be completed until afier the submission of the final EIS, The continuing site characterization
and data collection raise questions about whether & supplemental environmental impact
statement will be needed once the final design and waste content are determined. CE(Q)
regulations (sec, 1502.9) requine a supplement to a draft or firal EIS when there are substantial
changes to a proposed action relevant to environmental concerns or where there are significant
new circumsiances or information relevant (o environmental concerns and bearing on the
proposed achion or its impact.

If the Department’s subsequent analysis of design choices indicates that the draft
EIS/final EIS bounded the potential impacts, a supplemental draft and/or final EIS may not be
needed. However, even if not strictly required by NEPA, a supplemental EIS or another
document subject to public review and comment may be advisable given the potentially
significant changes in final design and waste content, At a minimum, the final EIS must describe
the changes from the draft EIS and update the discussion of impacts on the environment and
public health. Our detailed comments provide examples of areas of unceriainty which lead 1o
thiz conclusion.

3. |£]’P. devoted considerable attention to the no-action alternatives and noted the public
controversy about how realistic these aﬂ EPA agress that aspects of the no-action alternatives
are speculative, However, the agency also believes that they provide a basis for comparison with
the preferred alternative for the purposes of NEPA. We caution DOE, however, that should the
U5, decide not to proceed with constructing and operating the repository at ¥ucca Mountain and
to purzue another solution, DOE would need to do a full examination of altermmatives and their
envirenmental impacts, within the confines of any national legislation.

EPA’s review also focused on the national wansportation aspects of this project, EPA
appreciates that the actual shipments of waste will not likely oceur for another 10 years and
understands DOE's reluctance to provide additional information on routes for waste transport.
However, EPA sees no reason why DOE cannet commit to making this information available as
the time for shipments approaches, as the Department is deing now for shipments to the Waste
Isolation Pilot Plant in New Mexice, Once DOE has grealer cerfainty about the routes along
which waste shipments will travel, the Department will also be able to update and expand upon,
if needed, the environmental justice or other roule-specific impact analyses. Specifically with
regard to iribal governments, EPA encourages DOE (o conduet a comprehensive tribal
consultation process whercver waste shipments may cross tribal lands.

Im addition, EPA suggests that the final EIS provide a section which lays out the
responsibilities of various federal, state, local and tribal agencies in regulating, approving and
monitoring shipments of radicactive waste. This information should provide additional
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assurance 10 the public that a national network of controls is in place designed to ensure public
safety,

Thenk you for the opportunity to review this document, 1f you have ARy questions or
would like 10 meet 1o discuss our comments further, please contact Susan Absher of my staff.
She may be reached at 202/564-7151,

Sincerely,

Richard E. Sanderson
Director
Office of Federal Activities

Enclosures: 2
Summary of Rating Definitions
Detailed EPA comments on the draft FIS
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DETAILED EPA COMMENTS on
- Diraft EIS for a Geologic Repository for the Disposal of Spent Nuclear Fuel
and High-Level Radioactive Waste at Yueea Mountain
(DOE/EIS-0250D, July 1999)

Section 1. Purpose and Need for Ageney Action
4 | Section 1.2.3, page |-7. The second full paragraph describes the treatment process for high-level
waste from slorage in waste tanks through solidification, Part of that process "ordinarily includes
separation of the waste into high-activity and Jow-aclivity fractions." However, after describing
what happens to the “high-activity fraction,” there is no mention of what happens with the "low-
activity frection.” The low-activity fraction is still high-level waste, and this discussion should
include the disposition of the low-activity fraction.

Section 2. Proposed Action and No-action Alternative

No-Action Aliernative

doont. | Section 2.2, page 2-3%: This section describes the no-action alternative (ne further site
characterization at Yveca Mountain) and lays out two scenarios for this alternative: {1} wastes
are stored al current locations and monitersd/maintained for 10,000 years; or, {2) wastes are
maintained for only 100 years, after which they are assumed to be abandoned. The Draft FIS
acknowledges {page 2-60) that should there be a decision nol to proceed with the repository,
neither of these scenarios is likely; rather, the scenarios were chosen to provide a basis of
comparison with the proposed action.

EPA agrees that while aspects of the no-sction altermatives are speculative, they do provide a
basis for comparison with the preferred alternative for the purposes of NEPA. We caution DOE,
however, that should the ULS. decide not to proceed with constructing and operating the
repository at Yucca Mountain, DOE would need o do a fuli examination of alternative solutions
and their environmental impacts, within the confines of any national legislation.

Evolving Design of the Repository: General Comiments

5. | Page2-6 indicales that there are many uncentainties about the final design of the repository and
several of its componenis:

“This EIS describes and evaluates the cumrent preliminary design concept for repository
surface facilities, subsurface Gacilities and disposal containers.”

“Plans for the repository would continue to evalve during the development of the final
repasitory design and as a result of the NRC licensing review.™

“For these reasons, DOE developed implementing alternatives and analytical scenarios to
bound the environmental impacts likely to result from the Proposed Action.”
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Page 2-10 states:

“DOE continues to investigate design options . . . for final repository design; Appendix E
identifies design features and allemative desizn concepts that DOE is considening for the
[inal design (for example, smaller waste packages, a waste package design using two
vorrosion-resistant materials . ). . . . DOE has assessed cach of the design options still
beitiz considered for the expected change it would have on short- and long-term
environmental impacts and has compared these impacts 1o the potential impacts
determined for the packaging, thermal load and transportation scenarios evaluated in the
EIS... DOE has concluded that the analytical scenarios and implementing alternatives
evaluated in this EIS provide a representational range of potentizl envirormental impacts
the Proposed Action could cause.”

The continuing site characterization and data collection raise questions about whether a
supplemental environmental impact statement (SEIS) is necded once the final design and waste
content are determined. CEQ regulations (see. 1502.9) require a supplement to a draft or final
EIS when there are substantial changes to a proposed action relevant to environmental concerns
or where there are significant new circumstances or information relevant to environmental
concerns and bearing on the proposed action or its impact.

If the Department’s subsequent analysis of design choices indicates that the draft EIS/final E1S
bounded the potential impacts, a supplemental may not be needed. However, even ifa
supplemental is not strictly required by NEPA, a supplemental or other document subject to
public review and comment may be advisable given the patentially significant changes in final
design and washe content. At a minimum, the final EIS must deseribe the changes from the draft
ELS and update the discussion of impacts on the environment and public health. Examples of
areas of uncertainty which lead to this conclusion are given below in the comments referring to
pages 2-6, 2-10, 2-32, 2-37 (Scction 2.1.2.4), and 2-81

Evolving Design of the Repository: Specific Comments

Page 2-6, final two paragraphs of 2.1.1: The repository performance and doze assessments in the
deaft EIS are bascd on models and assumptions in the DOE Viability Assessment Report
(DOEVA - DOE/RW-0308) that are now outdated. For example, the draft EIS analyzes the
Module I & IT inventery increases which were not part of the DOE/V A, Also, the DOENVA
examined the performance of a waste package design that is now ohsolete. The assessments in
the final EIS should describe/assess the new EDA II design, particularly those aspects of the new
design that modify the performance assessment,

Page 2-17, Figure 2-10 does not identify the proposed locations for the cask maintenance Facility
and landfill. Locations of these need to be identified in order to assess their potential impacts.
Fage 2-21, 2.1.2.1.5: The second paragraph mentions "water used for cooling lower operations,”
We found no other description or reference to a cooling tower. The final ELS should explain the
purpose of this operation and any possible radiological or chemical contamination from the
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conling tower,
Page 2-31: The third full paragraph describes removing materials from the repository during
subsurface construction that occurs simultaneously with waste emplacement. What plans does the
Depariment have for monitoring the water and other material being removed during waste
emplacement operations? Monitoring should ascertain that no radiactive contamingstion is being
removed. While it is not likely that such contamination will occur, there is always the possibility
of contaminants adhering 1o the surface of waste packages and getting into the water or material
heing removed, or of an accident occurring,
Page 2.32: The sccond paragraph contains a general description of the waste package used for the
performance assessment. The deseription of the waste package must be updated in the Final EIS.
Page 2-37, Section 2,1.2.3, [n the final paragraph, the statement that DOE would use institutional
“controls "to limit or prevent intentional and unintentional activities in and around the ciosed
repository” is problematic. EPA and the Natienal Academy of Sciences maintain that prevention
of such activities, including intrusion inte the repository, cannet he assumed once active conlrols
are discontinued. Since this paragraph refers to time beyond any reasoneble active control period,
&8, more than 100 years, it should be amended to read ™to attempt to limit intentionai and
unintentional activities....” | Second, this paragraph states, "Provisions could be added for post-
closure monitoring.” The final EIS should elaborate on when and how DHOE would add post-
closure menitoring, |

Page 2-37, Scction 2.1.2.4, first paragraph: When does the Depariment expect to have a

performance confirmation program in place, and how will DOE decide which data to evaluate?
We note that this paragraph says that the "performance confirmation programs could include” the
listed data types. [emphasis added] EPA recommends using all of these factors to improve the
performance assessment,

Page 2-40, Section 2.1.3.2, first paragraph: Please confirm whether only heavy-haul trucks will he
used from commercial sites, or if legal-weight trucks may also be used.

Page 2-38, Section 2.1.4.3: This discussion docs little to help the reader understand the design
features and alternatives that affect operations and costs.  We note that DOE intends to “evaluate
the environmental impacts associated with the updated design in the final EIS." This section
should be revised to clanify the discussion,

Page 2-58, Section 2.1.5: The discussion of "estimated costs” provides broad cost categories
without an explanation of how these were derived. Also, there is no indication of how costs oceur
over time, no indication of the discount rate used to present all costs in 1998 dallars; and no
indication ef whether these are all dircct costs of construction or if they include indirect costs such
as that for siting the repository. TRW 1999, the draft EIS cost summary report, is cited, but the
final EIS should provide the reader more detail on costs.

Fage 2-67, Section 2.2.3: The comments for section 2.1.5 apply here also. In addition, Table 2-6
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15 cont. | provides only limited information and leaves out how storage costs were developed and how these
comparg (o industry estimares.

16 | Page 2-74, Section 2.4.3, first paragraph: The last sentence indicates that long-term (100 to 10,000
years) impacts were assessed only where DOE "could establish estimates of impacts.” Were there
any important impacts which were not assessed for this reason? 17 s0, how does DOE plan to
address them? (Sce 40 CFR § 1502.22) '

17 | Page 2-80, Table 2-8: Tt appears that the dose equivalent listed in this table for the maximally

exposed member of the public (2.4 rem}) is an annual value. 1f so, EPA assumes thiz value is

listed in error. While EPA does net have transportation standards, compare this value to the limit
for exposure to individuals of 0.015 rem per year (40 CFR Part 191) during the post-closure

period of a repository,

18 | Page 2-80, Section 2.4.4.1, last paragraph: Flease explain the conclusions that short-term impacts
would be less than a factor of 2 for thermal-load scenarios and that the impacts would be highest
for the low thermal load and lowest for the high thermal load scenario.

19 | Page 2-81, Section 2.4.4.2, final bullet: This item should refer to the Section & discussion of
assessing impacts on cultural resources of Native Americans,

Section 3. Affected Environment

General Ground Water Issues

20 | Section 2 of the draft EIS provides information about the hydrogeologic conditions in the vicinity
of Yucca Mountain. The certainty of this information varies considerably, and it is difficult for
the reader to understand how uneertainties will be resolved and how the data still being gathered
will affect the design of the repository and the projections for ground water contamination. EPA
suggests that the final EI8 summarize ongoing studies and their expected impact on design and on
ground water quality projections.

21 | Maost of the ground water studies described in Section 3 were done on a regional scale and may
not provide accurate site-specific data for the saturated zone beneath the proposed repository.
Section 3 provides general statements about ground water data, but fails to inform the reader
about aquiler-specific data, such as the length of time data have been collected on the carbonate
aquifer and the number of wells sampled over various periods of time. This information is
particularly important for modeling the transport of radionuelides in the saturated zone.

22... | EPA has previously discussed with DOE and NRC the caleulations used to determine whether

applicable radiation standards are met; determining whether the standard is met requires DOE to

project the concentration of radionuclides in the water at the point of compliance. In order to do
this, DOE must identify various scenarios for the type and quantity of waste releazed over ime,
tramgport path, and the concentrations predicted for the various options for representative volumes

7
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of ground water (e.g. 10 to 1,285 acre feer), at the various distances selected as possible points of
compliance, We did not find this data identifiable in the draft EIS and supgest that the final EIS
pravide a discussion of this information and a summary table,

Section 31,4, Specific Hydrology Comments

Page 3-41, Section 3.1.4.2.2: This section describes the Topopah Spring tuff unit, in which the
repository will be built, as fractured, very permeable, and extensively interconnected: and,
perched water forms at its contact with the underlying Calico Hills non-welded unit. Page 3-48
states that water chemistry analysis has found that “perched water reached its current depth with
little interaction with rock. This, in turm, provides strong evidence that flow through faults and
fractures is the primary source of perched water.” The final EIS should address this concern: if
seismic activity occurred at these fault zones, water could move faster {or slower) through the
faults and fractures, possibly increasing the mounding of perched water. This is different than the
"upwelling™ referred to on page 3-49,

Page 3-46: The final EIS should provide an up-to-date analysis of the chlorine-36 transport data,
Page 3-4%: Lower carbonate aquifer. Since data are limited, the EI% should not eonclude that the
lewer carbonate aguifer has an upwerd gradient, Page 3-51 states that there is only one
iransmissivity value based on tests from a single well.  Also, on page 3-52, it seems preliminary
to count this aquifer as a possible source of inflow to the valcanic aquifers, The final EIS should

acknowledge the limited confidence that can be placed on the gradient interpretation with the data
currently available,

Page 3-52: The final EIS should provide data from the ongoing investigations on the cause of the
potentiometric difference north and south of the site, and it should describe what these data
suggest about the potential for water from the north 1o Mead the repository.

Page 3-57: In the discussion about water levels in the T wells, the significance of their proximity
or distance to Fortymile Wash is unelear.

Page 3-63, Section 3.1.5.1.4: This section states that “Fortymile Wash and some of its tributaries
might be classified as Waters of the 11.5.." It is likely that Fortymile Wash is a Water of the L&,
as well as the Amargosa River and its tributaries: Yucca Wash, Dirill Hole Wash, Midway Valley
Wash, Busted Butte Wash, Solitario Canyon Wash, and Crater Flat, Also, tributaries to the
washes stated above may meet the Waters of the U.S. eriteria, per ULS. Army Corps of Engineers
Asscssment,

Other Section 3 issues

Page 3-31: We are confused about the discussion of the Amargosa River system and the staterment
that there is a ground water discharge near Beatty, NV. The final EIS should clarify the dircction
of the ground water flow which, according to Fipure 3-13 (page 3-38), does not appear to be in the

direction of Beatty.
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a0 | Page 3-79, Section 3.1.8; The assessments of impacts to the Jocal populations appropriately focus
on the current demographics of the area. However, there should also be some consideration given
to short-term (~20 years) projections of population and land use, particularly in the area directly
south of the repository where potential receptors are located. While the National Academy of
Seience (MAS) recommends against long term (thousands of yvears) projections of population
characteristics, the changing demographics in the greater region around the site argue for
considering a reascnable compromise between long term projections and a static situation, such as
extending local planning projections for a decade or two. For example, projections of growth at
the 20-kilometer location indicate modest population increases.

31 | Page 3-82, second full paragraph: The DOE’s value of 0.0003 latent cancer [atalities per person-
rem is lower than the Federal Guidance level of (0000575 latent cancer fatalities per person-rem
{Table 7.3, page 174, Federal Guidance Report 13, "Cancer Risk Cocfficients for Environmental
Exposure to Radionuclides,” EPA 402-R-99-001, September 1999). Since DOE was one of the
funding, revicwing, and approving agencies for this study, EPA recommends that the Federal
guidance level be used.

32 | Page 3-142, Section 3.3.3; This section states that, "DOE calenlated the nver flow past cach
population center...and used this number in the calculation o determine dose to the population.”
The final EIS should provide the dose calculation used.

33 | Page 3-142, Sections 3.3.2 and 3.3.3: The draft EIS briefly discusses ground and surlace water
impacts, but we were unable to find an assessment of pround water contamination from a surface
spill. The transportation impacts analysis should consider ground water recharge zones and the
proximity ef transportation corridors o ground water supplies and community water systems.

Section 4. Environmental Consequences of Repository Construction, Operation and
Maonitoring, and Closure

Section 4.1.3, Inpacts to Hvdrology

34 | Page 4-24: Activity in drainages and washes may require a Section 404 permit if it takes place in
Waters of the U5,

35 | Page 4-25, Scetion 4.1.3.3: The assessment of impacts to ground waler should reference the

discussion on radionuclide transport in ground water in Section 5.2, Readers may be confused by

the page 4-25 discussion which focuses on the impact from spills and the potential for a

contaminant to infiltrate and percolate through the unsaturated zone, rather than on the full range

of ground water contamination.

Oither Ground Wat neems

36... | Container breaches, The final EIS should discuss the expected scenarios for containet breaches
and the associated impacts on ground water, taking into account ground water contamination
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levels at various distances and under various repository loadings. These analyses should cross-
reference discussions on impacts to ground water,

Ienpact on ground water from transport spills. The drafl EIS assesses the impact of spills on
surface water, but the final EIS should also assess ground water contamination from a surface
spill. The transportation impacts analysis should consider ground water recharpe zones and the
proximity of transportation corridors to ground water supplies and community water systems.

sSection 4, 1.4, Biological Resources

Page 4-30, Section 4.1.4.2: This section states that “Toutine releases of radivactive materials
from the repository would consist of radioactive noble gases, prineipally isotopes of krypton and
radon.” Does DOE have any examples of where these types of releases are currently occurring?
If 50, are they monitored and have there been any impacts to biologic communities?

Page 4-33: DOE should plan to construct the evaporation ponds with side slopes or a ramp to
facilitate wildlife use,

Page 4-35: While the impact on the threatened desert tortoise population is unclear {see comment
on section 6.3.1.1), EPA questions whether the impact should be rated as low or very low. Some
federally listed desert tortoises were killed during site characterization and more will likely be
killed during construction, operation and monitoring, and closure, With increased humnan activity
and traffic over the life of the project, the incresses may be significant. EPA notes that DOE is
obizining a Biological Opinion from the Fish and Wildlife Service {page 4-33%; any
mitigation/conditions for protecting the tortoise should be listed in the final EIS.

Section 5. Environmental Consequences of Long-Term Repository Performance

Long-Term Repository Performance: Geperal Comment

EPA disagrees with certain aspects of the performance assessment described in Section 5 and in
Appendix . The Total System Performance Assessment, presented in the Viability Assessment
for Yucca Mountain and captured in the drait E1S analysis, relies in sorne instances on extreme
performance cases which cither omit or overestimate certain effects,

EPA recommends using an approach -- reasonable expectation -- which focuses en a more
realistic depiction of repository performance and which recognizes the inherent uncertaintics in
projecting repository performance over the long term. This more realistic approach projects the
expected behavior of the waste containment and isolation system, but avoids cxtreme assumprions
and use of unrealistic performance scenarios.

We believe the final EIS would be strengthened by identifying the more conservative assumptions
used in the asscssment. [dentifying these would give the reader a better sense of the variability
inherent in the estimates of repository performance and provide the public with a more balanced

=
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Section 5.1, Inventory for Performance Assessment Caleulations

Table S-1 on page 5-5 and the related discussion in sections 5.1 and 8.3.1.2.3 (Atmosphenic
Radiocactive Material Impacts) fail to consider post-closure releases of radon from the spent
nuclear fuel in the lime period beyond 10,000 vears. EFA’s proposed standards for Yucca
Mountain at 40 CFR Part 197 require an analysis of the dose to a reasonably maximally exposed
individual for the period beyond 10,000 years through the time of peak dose (64 FR 468976,
August 27, 1999). The National Academy of Sciences’ Yucca Mountain panel in 1995 estimated
that the Yucea Mountain site would be stable on the order of one millon years. The final EIS
must therefore discuss releases of radon-222 (““Ra), which will result from the decay of the
considerable inventory of uranium in the spent nuclear fuel,

Section 5.5 {Atmospheric Radiologic Consequences) concludes that carbon-14 {*C} is the only
radionuclide that has the potential for transport through the atmosphere. Likewise, section 83.1.2
addresses only "C releases with respect to cumnulative impacts, The draft EIS does examine the
exposures to workers and offsite individuals from radon as a resull of various operations.
However, as noted by Sullivan and Pescatore (“Release of Radon Contaminants from Yuecca
Mountain: The Role of Buoyancy Driven Flow,” T.M. Sullivan and C. Pescatore, Brookhaven
Maticnal Laboratory, BNL-52468, February 1994):

“Barometric and wind pumping at Yucca Mountain may cause long-term

o removal from the oxidized spent fuel waste. The problem of

enhanced ““Rn release to the accessible environment would pose itself later

in time (after 20,000 vears and peaking in roughly 200,000 years) and

would last for as long as unsaturated conditions would prevail al Yucca
Mountain.”

EPA's analysis of spent fuel radionuclide inventories in support of the promulgation of

40 CFR Part 191 (see EPA 520/4-79-007A, 1977) indicates a *“Rn content of about | curie per
medric ton of heavy metal, at 100,000 years following discharge from a light water reactor. This
would imply a repository inventory for ““Ra of about 63,000 curies at about 100,00 years for the
currently authorized Yucea Mountain repository. Because of its energetic radiations and
numerous daughter radionuclides, **Rn presents a significantly larger risk per unit of radivactivity
than "“C.

Section 5.5 also indicates (introductory paragraph) that impacts for the global population were
estimated. What value was used for the prajected collective dose received by the global
population?

Page 5-5: The final E15 should explain the statement on page 3-5 that chemically toxic materials
were eliminated from consideration because “their total guantity would be very low and dilution
in the repository environment would reduce their concentration to below toxic levels before they

entered the saturated ground water system.”

i
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Page 5-13; Section 5.2.3.4 discusses the different paths radionuclides can take, but should discuss
pathways through the alluvial, volcanic and carbonate aguifirs,

Section 5.3, Locations for Impact Estimates
Page 5-23: This section states “Because of this pressure difference, water from the voloanic
aquifier does not flow mto the carbonate aguifer; rather the reverse ocours,” This statement relies
on just one data point in the carbonate aquifer. Tn Chapter 3, this uncertainty was toted. One data
point does not provide certainty, and the EI3 should not assume that the entire carbonate aquifer
has an upward pradient, given the amount of fracturing and faulting involved. Mor should the ELS
state that no contamination will seeur at Ash Meadows, since Chapter 3 noted that it was a
discharge point. '

Pape 3-27, second paragraph and Page 5-31, bottom paragraph: Page 3-27 states that 22 acre-fieet

of water per year infiltrate through the repository, while page 5-31 cites 25 acre-feet. Which

value i3 correct?

Page 5-43, Section 3.7.2, second paragraph: It would be helpful to have a graphic representation

of the results of the volcame achivity analyses,

Page 5-44, frst paragraph: It is difficult to understand the first part of this paragraph. Please

explain the sentence: "Because of its low velocity, the magma would not be removed from the

wiste package.”

Section 6. Environmental Impacts of Transportation
datj i cis,

Section 6.2.1; This section describes how the EIS bounds the impacts to human health, safety and
the environment from transportation by examining the two extremes of transportation possibilities
- -mostly rail and mostly legal-weight truck. Based on DOE’s analysis, EPA agrees with DOE's
overal] assessment that radiological impacts to the public from transportation of wastes to Yucca
Mountain will be small,

In addjtmn,@: EIS recognizes the need to prepare for and respond to accidents. Page 6-30
highlights section 180(c) of the Nuclear Waste Policy Act under which DOE will provide
fechnical assistance and funding to state, local and tnbal public safety programs on transportaiion
emergencies. This page also describes how transportation confractors must prepars an cmergency
response plan and take other steps (o deal with the consequences ufaccid:@

-| EPA appreciates that the actual shipmenis of waste will not likely occur for another 10 vears and

understands DOE"s reluctance to provide additional information on likely routes for waste
transport. However, EPA sees no reason why DOE cannot commit to making this information
available as the ime for shipments approaches. DOE is doing this now for shipmenis to the

f2
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Waste Isolation Pilot Plant in Mew Mexico. Once DOE has greater cortainty about the routes
along which waste shipments will travel, the Department will also be able to update and expand
upon, if necded, the environmental justice or other impact analyses which are route-specific.

In additiun.@’h sugeests that the final EIS provide a section which lays out the responsibilitics
of various federal, state, local and tribal agencies in regulating, approving and monitoring
shipments of nuclear waste. This information should provide additional assurance to the public
that a natienal network of controls is in place desipned to ensure public safety.
Page 6-17, Section 6.1.3, second paragraph: The next-to-last sentence says that "an air quality
conformity analysis [for carbon monoxide] may be required.” 1f a conformity determination is
needed, it should be made before completion of the NEPA process. EPA supgests such
information be included in the final EIS.

Page 6-20, third bullet: The term "dose risk” is not a standard term. What does it mean when used
in the phrase, "to estimate radiological dose risk to populations"?

Page 6-38, Section 6.3.1.1: DOE recognizes that desert tortoises will be killed as a result of
transportation operations. The Department reaches the conclusion that "any desert tortoises killed
by trucks transporting spent nuclear fuel or high-level radioactive waste probably would be only a
small fraction of all desert tortoises killed or highways." This may be true, but what 1s the
anticipated impact of this operation relative to the desert lortoise population on the Mevada Test
Site (NTS)? The higher concentration of shipments on the NTS could result in a proportionately
higher impact than in the general environment. However, it may be possible that the impact on
the tortoise population might be less than in the general environment since the NTS has a
protection program in place. See also EPA comment on page 4-15.

Section 7. Environmental Impacts of the No-Action Alternative

Page 7-38, end of the first partial paragraph: EPA appreciates that for comparison purposes and
to avoid the appearance of bias toward the prefemred alternative, "DOE did not want to
overcstimate the impacts from Scenario 2" However, the document should provide an estimate
or a range of impacts for the reader.

Section 8. Cumulative Tmpacts

Page 8-27, Section §.2.2.1.2: Thiz section refers to 40 CFR. Part 61 which contains EPA's Clean
Air Act regulations for radiological effluents from a variety of facilities; however, this rule is not
applicable to Yucca Mountain. More appropriate references are 40 CFR Part 191, Subpart A
(Enviranmenial Standards for Management and Storage, 50 FR 38066, September 19, 1985) or
proposed 40 CFR Part 197, Subpart A (Environmental Standards For Storage), both of which
address airhorne radiological releases and external exposures from Y ueea Mountain during the
operational period.

3
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Page 8-47, Table 8-22: This table and several other tables in section 8 list “MEI dose (millirem)”,
but do net indicate whether this dose occurs in one year or over the total closure period. Some of
the doses are rather large compared to established radioactive waste standards, such as the

58 millirem listed for the MEI dose for Inventory Module 1 or 2, To properly judge the impact,
the exposure period must be speeified.

Page 8-66, Table 8-46: For Inventory Module 1, the gross alpha concentration 15 missing.

Page §-74, Tiem 7 and the final paragraph: This item, Greater Confinement Disposal {GED) does
not indicate that there is transuranic radioactive {TRL) waste at the Nevada Test Site, in addition
to low-level radioactive waste (LLW). The final EIS should so note since the TRU waste has a
greater potential for adding 1o the impact from Yucca Mountain than does the LLW.

Page 8-75, Table 8-55: Out of the 9.3 million curies in GCD, tritium and americium are the only
ones identified as "major or known isolopes.” DOE needs to state the basis for determining a
"major isotope.”

Page &-77, Section 8.3.2.1.2: This section assumes that the nsk of radiological impacts is directly
scalable to the radiological content of the waste disposed in the GCD facility. However, the GCD
wastes are disposed in a different manner than that contemplated for the Yueea Mountain
repository (namely, closer to ground surface) and the source lerm likely contains 2 different
mixture of radionuclides than anticipated for disposal at Yueca Mountain; therefore, relating the
risk of GCI) disposal to its inventory is overly simplistic and should be re-examined.

Section 9. Management Actions to Mitigate Potential Adverse Environmental Impacts

Design Changes

Pages 9-12 through 9-16, Section 9.2.8: The design altematives discussed in this section are
autdated with the Department’s adoption of the EDA 1T design.  The final EIS should discuss the
new design of the engineered barrier components (e.g., elements designed to minimze water
contact with the packages, increase containment lifetime, or retard radionuclide movement out of
the repository); it should also discuss the operational choices {e.g., a prolonged retricvability
period) that dictated the design changes and reduced uncertainties in assessing performance of the
syshcTh.

The final EIS should also contrast significant changes in the engineered barmier performance
assecsment with the assessments for the older design. For cxample, the DOE/VA design assumed
a juvenile package failure at 1,000 years, a major contributor to the dose caleulations within
10,000 years. Estimating the rate and timing of juvenile failures is very difficult gince the failure
mechanisme are hard to predict. With the addition of drip shiclds, this uncertainty is effectively
eliminated since releases would only ocowr if a drip shicld is breached over a package with a
juvenile failure - a very low- probability event.

It
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The performance assessment of the new design should describe the string of processes and gvents
needed to release radionuckides, €.g., the probability that a drip shield would prematurely fail, the
probability that a wastc package would prematurely fail, the probability that these failures would
be co-located, and the probability that a ground water seep would be located over the failed drip
shicld. A presentation in the final EIS that describes the new design in terms of its expected
performance can help justify the design change, support the bounding argument for the older

design, end increase confidence in the repository assessments,

Tribal Coordination/Consuliation (various sections and appendices)

Page 9-22: This section refers 1o the Yucca Mountain Project Mative American Interaction
Program for promoting a government-to-government relationship with area tribes, Pages C-7 o
-9 also discuss DOE’s interaction with tribal governments on the proposed praject.
Representatives from the “Censolidated Group of Tribes and Organizations™ have met with DOE
on a range of issues. The Consolidated Group includes Southern Palote Tribes, Western
Shoshene Tribes, Owens Valley Paiute and Shoshone Tribes, and the Las Vegas Indian Center,
EPA commends DOE's efforts to work with Tribes within Nevada and neighboring states, but we
also encourage DOE to inform and reach out to other Tribes which may be affected by waste

shipments.

Shipments of spent nuclear fuel and/or DOE high-level radioactive waste may ¢ross Tribal lands
in various parts of the country, and if DOE has not already done so, we encourage the Department
{0 commence a governmeni-to-government consultation process with such Federally-recognized
Tribes. In order to Facilitate public and agency disclosure under NEPA, the final EIS should
identify those Tribes which may be affected by the transportation of waste across or close Lo
Tribal land. This discussion should also include any potential effects on tribal resources.
The draft EIS (Figures 2-26 and 2-27) depicts U.S. interstate and rail routes which are potential
corridors for waste proposed for disposal at Yucca Mountain, We recommend that the final EIS
provide a modified overlay of these two figures to depict Tribal lands through which waste bound
for disposal at Yueca Mountain may pass via road or tail. The Burean of Indian Affairs (BIA) has
a 1993 map for Indian Land Areas in the lower 48 states. This map depicts the location of tribal
lands in relationship to the Federal highway network, and may be useful for this affort.
Pages 3-68 through 3-70: This section discusses tribal historical and cultural beliefs bul provides
little information on how Native Americans think the proposed project may affect their cultural
resources, Page 3-70 refers o a resource document prepared by the American Indian Writers
Subgroup, but does not summarize the concerns therein or explain how to obtain a copy of the
documant.

We also note that while Appendix D indicates that the draft ELS was distributed to the Department
of the Interiot’s Office of Environmental Policy and Compliance (Dr. Willie B. Taylor), it docs
nol appear that a copy was sent directly to the Bureau of Indian Affairs (B1A). We recommend

that the Depariment of Energy provide the BIA with a copy of the final EI5.
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Section 11. Statatory and Other Applicable Requirements

Pages 11-6 and 1 1-7, Nevada Water Quality Standards

T It is unclear whether the drafit EIS has fully analyvzed potential water quality impacts of the
proposed project (especially the environmental consequences of long-term repositony
performance) per Nevada water quality standards. The final EIS should provide this analysis and
discuss any needed mitigation.

72 | Section 1.3.2 states that waterborme chemically toxic materials that could threaten human health
are present in materials disposed of in the repository, the most abundant being uranium, as well as
nickel, chromium and moelybdenum (used in the waste package). EPA agrees with the analysis on
page 5-6 of the conditions under which waste materials disposed at Yucca Mountain could
threaten human health: (1) the waste packages and their contents are exposed to water,

(2} radionuchdes andfor chemically toxic matenals in the package materials or wastes beocome
dissolved or mobilized in the water, and {3) radionuclides or chemically toxic materials are
transported in water to an aquifer; further, such water muost be withdrawn via a well or surface
discharge point and used by humans as drinking water oz in the human food chain.

73... | Pages 11-6and | -7 of the Draft EIS highlight several important requirements of the Federal
Clean Water Act (CWA) and Mevada's Revised Statites which were passed to carmmy oul the
legislative requirements of the CWA and EPA's regulatory programs. The draft E1S recognizes
the CWA Section 313 requirement that any project or activity by a Federal depariment or agency
resuiting {or which may result) in the discharge or runeff of pollutants comply with Federal, State,
local and interstate water pollution requirements. Water Quality Standards are designed fo protect
both existing and designated beneficial uses of a water body. The Water Quality Standards
adopted by the State of Nevada and approved by 1S, EPA require that:

®  The water must be suitable for the walering of livestock without freatment.

&  The water must be suitzble a5 habitat for fish and sther aquatic Iife existing in a body of water,

®  The water mst be suitable for propagation of wildlife and water fowl without treatment.

*  The unique coological or aesihetic vialue of the water must be maintained,

®  The water must support natural enhancement or mmprovement of water guality in any water which is
downstream {see NAC 4454122, approved by U.S. EFA under authority of the Federal CWA).

Page 3-31 describes the hydrologic system of the Yucca Mourtain region, noting that the
Amargosa River system drains Yuceca Mountain and serrounding areas.  The Yucca Mountain
regional groundwater system includes “discharee points,” defined as “locations where
groundwater reaches the surface.” The draft EIS notes that groundwater discharges to channels
near Beatty, Nevada, south of Tecopa, California, and in southern Death Valley, California. (See
also EPA’s question about the Bealty discharge point under Section 3 issues. )

Because the Amargosa River fMlows into Death Valley, Califorma {p. 3-31), it 18 presumably an
interstate water regulated by Nevada water quality standards { NAC 4454,213(5)). These
standards provide that “Radicactive materials attributable to municipal, industrial or other
controllable sources musi be at the minimum concentrations which are physically and
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72 eont. | economically feasible to achieve. ln no case must materials exceed 1/10 of the 168-hour values
for other radinactive substances specified in National Bureau of Standards Handbook 65.7
Regarding radicactive materials, the Water Quality Standards stipulate that *. concentrations in
water must not result in accumulation of radiogctivity in plants or animals that result in a hazard
to humans or harm to aquatic life™ ( NAC 4454, 121(6)).

alifornia Water Quality Standards

74 | Page 3-31 states that ground water reaches the surface at three locations, including one in southem
Death Valley, California. However, the drafi EIS does not discuss whether any potential
migration and subsequent discharge of contaminated groundwater from the praject (from
repository construetion, operation, closure, or long-term performance]) would be consistent with
the State of California’s Water Quality Standards for this geographic area, The final EIS should
provide this analysis and discuss any necded mitigation.

75 | The relevant California standards are in the Water Quality Control Plan for the Lahontan Region,
developed by the California Regional Water Quality Control Board, approved by EPA and last
updated in October 1994, This Plan identifics water quality ohjectives for surface waters;
specifically, page 3-6 of the Plan specifies “Radionuclides shall not be present in concentrations
which are deleterious to human, plant, animal, or aquatic life nor which result in the accumulation
of radionuclides in the food web to an extent which presents a hazard to human, plant, animal, or
agquatic life." The Plan further provides that waters with a designated beneficial use of “MUN"
{walers used for community, military or individual water supply systems) shall not contain a
concentration of radionuclides in excess of the limils specified in Table 4, Section 64443
(radicaciivity) of Title 22 of the California Code of Regulations,

The Plan identifies larger hydrologic units (such as the Amargosa Hydrologic Unit and the Death
Valley Hydrologic Area), and geagraphically smaller subunits (such as the Tecopa Wetlands, and
minor surface waters and minor wetlands in the Death Valley Hydralogic Area), and lists specific
beneficial uses that must be protected. Beneficial uses for the Tecopa Wetlands include municipal
and domestic water supply, freshwater habitat, wildlife habitat, preservation of biological habitats
of speeial significance, habitat for rare, threatened and endangered species, migration of aguatic
organisms, and water qualily enhancement. Many of these same beneficial uses also apply to the
minor surface waters end minor wetlands of Death Valley, which in addition are designated
beneficial uses of ground water and fresh water replenishment,

. Complignce with Besource Conservation and Recovery Act (RCRA ), Page 11-11

76... | Mixed radioactive and hazardous waste is subject to RCRA requirements, including applicable
permitting requirements. The draft EIS states that DOE will not accept hazardous waste for
disposal at Yucca Mountain and that any hazardous or mixed waste which is generated will not be
treated or disposed on-site, nor will it be stored for more than 90 days. Accordingly, “DOE does
nol expect 1o need a Resource Conservation and Recovery Act permit for its activities at the

proposed repository.””
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76 cont. | Page 1-7 of the draft EIS indicates that high-level wastes from DOE sites would be immaobilized
through vitrification before shipment to Yucca Mountgin, Vitrification meets the RCRA Land
Dispasal Restriction treatment stendard for these wastes. Various DOE documents indicate that
organic solvents and hazardous chemicals, in addition to toxic heavy metals, are typically
contained in high-level radioactive waste. The final E1S should explain why the high-level waste
1o be disposed of at Yucea Mountain will not be RCRA regulated.

77 | The final EIS should also clarify the applicability of RCRA to the data presented in Table [-10
{page 1-15) in Volume II, “Inventory [kilograms] of Chemical Materials Placed in the Repository
under the Proposed Action.” Under “high-leve] radioactive waste” the table lists 19000
kilograms of barium, 43,000 kilograms of eadmivm, 2,000 kilograms of lead, 200 kilograms of
mercury, and 300 kilograms of selenium, Pursuant to RCRA, EPA has established regulatory
levels (mg/L) for barium (100.0 mgL), cadmium (1.0 mg/L), lead (5.0 mg/L ), mercury (.2
mg/L), and selenium (1.0 mg/L). (See 40 CFR 261.24, Toxicity Characteristics.}

PCBs and Asbestos

78 | Section 11 of the draft EIS does not discuss the applicability of the Toxic Substances Control Act
or of regulations governing asbestos disposal. The final EIS should clarify whether any waste
proposed for disposal at Yucca Mountain is or may be contaminated with PCBs {pol ychlorinated
hiphenyls), or whether any radioactive ashestos waste is destined for disposal at Yueca Mountain,
and, 1f so, the regulatory implications of such.,

Other Section |1 Camments

79 | Page L1-18, Table 11-2: The table should include DOE Order 435.1 which applies 1o this action
unless the requirements of the order “overlap or duplicate” requircments of the Nuclear
Regulatory Commission (NRC),

g | Page 11-20, Table 11-3: The table should list 400 CFE Part 191, Subpart A (Environmental
Standards for Management and Storage) which applics to certain areas in the vicinity of the
proposed Yucca Mountain repository.

Section 14. Glossary

81... | Page 14-8, definition of “controlled area™ This definition is inconsistent with how this term is
used in 40 CFR Part 191 (see 50 FR 38085, September 19, 1985) and in proposed 40 CFR

Part 197 (64 FR. 47013, Aupust 27, 1999), The definitions in EPA’s rules limit the controlled
arca size to no more than five kilometers from the repository footprint. (There is an additional
option in proposed 40 CFR Part 197 with which this definition 15 also inconsistent.) EPA
recognizes that the size of the controlled area for physical control purposes during the active
institutional control period might be different than the arez used for performance assessment
purposes, but if so, the distinction should be clarified on page 14-8 and in the appropriate places
in the final EIS.
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82 | Page 14-19, definition of “inadvertent intrusion™ The word “unintended” needs to be inserted
hefore "disturbance,” Le., “The unirrended disturbance of a disposal facility ... As currently
written, the definition would include purposeful intrusions.

83 | Page 14-19, definition of “institutional control”: This definition should distinguish between
“active institutional contral,” which requires the presence of humans to take actions to safeguard
and repair the repository, and “passive institutional control,” which also includes controls such as
permanent markers and land records to warn future generations of dangers from the disposal site.
84 | Page 14-22, defimition of “maximally exposed individual™ The last sentence of this definition
equates the maximally exposed individual (MEL) with the “reasonably maximally exposed
individual (RMEI),” a term used in the recently proposed 40 CFR Part 197 (52e 64 FR 46988 and
ATO14/47015, August 27, 1999). These two terms are very different. The dose incurred by the
MEI is caleulated by using the most conservative values (i.e., producing the highest dose) for all
parameters needed to calculate the dose to an individual. The dose incurred by the RMEI, on the
other hand, assumes that one or 2 few parameters are at their maximum or most conservative
values while the others are at their average values.

Page 14-29, definition of “reasonably maximally exposed individual™: See previous comment.

Appendix I. Environmental Consequences of Long-Term Repository Performance

85 | Page 1-49, fourth full paragraph: The docement described in the final sentence shoeuld be referred
o &% Federal Guidance Eeport No. 11

a6 | Page 1111, last reference. Please replace the authors” names in the first column with the EPA
repart number.

Appendix J. Transportation

87 | Page J-8, second full paragraph: This paragraph discussed the methodology used 1o estimate the
radiation impact resulting from accidents. The spectrum of possible accident severity was divided
into categories. Then "each category of severity received a conditional probability of eccurrence.”
A release fraction was assigned 1o each category. Please provide a brief discussion of how values
were assigned and a table listing the values.

Appendix K. Long-Term Radiological Impact Analysis for the No-Action Alternative
88 | Page K-7, Figure K-3: This map shows failure times for above-ground conerete storage modules.
The no-action impact analysis looked at a 100-year time frame, vet Figure K-3 indicates that in
some areas of the country, failure could he expected in less than 75 years and, in other areas,
between 75-100 vears, The final EIS should evaluate the premature failure potential for those
arcas of the country where such could be expected in less than 104 vears,

89... | Page K-26, Section K.2.5.2: This section discusses the potential for eriticality invelving stored
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89 cont. | spent fuel. EPA agrees with the assessment that eriticality for high-level nuctear waste is
impaossible, but believes the EIS should expand the assessment of low probability for criticality in
stored spent fuel canisters. The text states that only water entry, and its retention in the canisters,
would allow a criticality to develop; and, the discussion further acknowledges the possibility of
degradation of the concrete storage facilities, allowing water entry. Yet, the text does not assess
the probahility that dripping water could corrode the fuel containers, allowing water to enter and
remain there for some time, potentially causing a criticality.

The text discusses three types of eriticality events, but does not connect them to more explicit
conbainer corrosion Biilures seenarios or evaluate the relative probabilities of cach failure type.
DOE should more explicitly analyze corrosion failures (penstration of the container and
corrosion of the internal components) from water entering the storage container and the potential
for various criticalifies. It is plausible that dripping water could corrode a storage container,
allowing water to collect and fill the container (a scenario similar to NRC's performance scenario
for a breached waste package in the repository).
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RESPONSES TO U.S. ENVIRONMENTAL PROTECTION AGENCY

COMMENTS ON THE DRAFT EIS
(Comment Document 1632)

Thank you for your comment.

DOE assumes that the fundamental data referred to in the comment mean such things as aquifer properties,
retardation coefficients, hydraulic heads, etc. Such data are detailed in the documents referenced in Appendix
I of the EIS.

Appendix I contains detailed information in support of Chapter 5 of the EIS. As stated in the introduction to
Appendix I, the long-term performance analysis was conducted using a TSPA model and supporting data
derived from the TSPA models and data that support other Yucca Mountain Project documents. As also
stated, the purpose of Appendix I is not to republish the large body of available information but to reference
the sources of the information and describe any special additional modeling and data used for the EIS. Some
common background material was duplicated as an overview to enhance understanding of the incremental
material. Thus, much of the detailed data on saturated zone modeling in this EIS is from the Total System
Performance Assessment for the Site Recommendation (DIRS 153246-CRWMS M&O 2000) and the FY 01
Supplemental Science and Performance Analyses (DIRS 155950-BSC 2001), as referenced in the Final EIS.

The Final EIS discusses the new Environmental Protection Agency standard (40 CFR Part 197).

DOE agrees with the Environmental Protection Agency’s assertions regarding future actions should the
United States decide to not proceed with construction and operation of a repository at Yucca Mountain. As
stated in Section 2.2 of the EIS, if Yucca Mountain was determined to be unsuitable or was not approved by
the President or Congress, DOE would prepare a report to Congress. This report, required by the NWPA,
would contain DOE recommendations for further action to ensure the safe, permanent disposal of spent-
nuclear fuel and high-level radioactive waste, including the need for new legislative authority. Other than this
action, the future course that Congress, DOE, and the commercial nuclear utilities would take is uncertain.
Several possibilities could be pursued, including centralized interim storage or the study of another location
for a a deep geologic repository. However, it would be too speculative to say that any of these actions would
be pursued.

As explained in the EIS, the purpose of the pretreatment process is to separate the high-activity fraction,
which requires the permanent isolation afforded by a repository, from the low-activity fraction. This large
volume of low-activity waste is subject to a “waste incidental to reprocessing determination,” as provided for
in DOE’s Radioactive Waste Management Manual (DOE M435.1-1). A waste stream can be managed as
low-level waste if the waste incidental to reprocessing determination shows that it meets the following
criteria:

e The key radionuclides are removed to the extent technically and economically practical (this is
accomplished by pretreatment).

e It is managed to meet safety requirements comparable to the performance objectives set out in 10 CFR
Part 61, Subpart C, Performance Objectives.

e Itis managed in accordance with the DOE M 435.1-1 low-level waste requirements and is incorporated
into a solid physical form at a concentration less than the Class C limits set out in 10 CFR 61.55.

The Waste Incidental to Reprocessing provision was included in the August 6, 1998, drafts of DOE Order
435.1 and DOE M 435.1-1 that were made available for public comment. DOE has since issued DOE Order
435.1 for implementation.
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DOE has modified Section 1.2.3 of the EIS to reflect that low-level waste would be disposed of in accordance
with applicable regulations.

As the Environmental Protection Agency notes, the Draft EIS evaluated the preliminary design concept
described in the Viability Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE 1998) for
repository surface facilities, and disposal containers (waste packages). DOE noted in the Draft EIS (in
Section 2.1.1.5, for example) that the analyzed designs were preliminary and were likely to evolve in various
ways. Since it issued the Draft EIS, DOE has continued to evaluate design features and operating modes that
would reduce uncertainties in or improve long-term repository performance, and improve operational safety
and efficiency. The results of the design evolution process was the development of the Science and
Engineering Report flexible design. This design focuses on controlling the temperature of the rock between
the waste emplacement drifts (as opposed to areal mass loading), but the basic elements of the Proposed
Action to construct, operate and monitor, and eventually close a geologic repository at Yucca Mountain are
unchanged. DOE evaluated the flexible design in a Supplement to the Draft EIS, which was released for
public review and comment in May 2001.

Aspects of the design in the Supplement to the EIS (as well as this Final EIS) are likely to continue to evolve,
particularly in relation to the means of controlling heat generated by spent nuclear fuel and high-level
radioactive waste. Under Section 114(a) of the NWPA, DOE must provide a description of the proposed
repository, including preliminary design specifications, as part of any Site Recommendation. If the Yucca
Mountain site was approved, a more refined flexible design would be determined only at the time of License
Application to the Nuclear Regulatory Commission. That design probably would continue to change as a
result of the License Application process.

In this Final EIS, DOE varied design parameters to create lower- and higher-temperature operating modes in
such a way to provide the range of potential environmental impacts. DOE believes that the EIS adequately
analyzes each design element investigated, the resulting short- and long- term environmental impacts, and
mitigation measures. Further, the analyses incorporate conservative assumptions that tend to overestimate
impacts, as identified in the EIS. For example, in Section G.1.1 of the EIS the total nonradiological air
quality impacts were the sum of the calculated maximum concentrations regardless of wind direction. This
conservatively maximized air quality impacts. This type of approach to estimate impacts conservatively was
applied to all other resources, as appropriate.

Because of the various implementing alternatives and scenarios analyzed as well as the conservative nature of
the analyses, DOE believes that the analyses represent a realistic upper bound of environmental impact that
could occur from the implementation of the Proposed Action.

The Draft EIS evaluates the preliminary design concept described in the Viability Assessment of a Repository
at Yucca Mountain (DIRS 101779-DOE 1998) for repository surface and subsurface facilities as well as
disposal containers (waste packages). It also evaluates the plans for the construction, operation and
monitoring, and closure of the repository. DOE recognized before it published the Draft EIS that plans for a
repository would continue to evolve during the development of any final repository design and as a result of
any licensing review of the repository by the U.S. Nuclear Regulatory Commission. The design evolution is
evaluated in the Supplement to the Draft EIS and integrated into the Final EIS. The Supplement to the Draft
EIS incorporates new information, including an improved understanding of the interactions of potential
repository features with the natural environment, the addition of design features for enhanced waste
containment and isolation, and evolving regulatory requirements. The design will continue to evolve in
response to additional site characterization information, technological developments, and interactions with
oversight agencies.

As described in the Supplement to the Draft EIS and incorporated into the Final EIS, the waste package has
been redesigned to include a thick outer shell of corrosion-resistant high-nickel alloy (Alloy-22) and a thick
inner shell of stainless steel for strength. This newer design resists corrosion far better than the design
described in the Draft EIS, and has improved the predicted performance of the repository and reduced
uncertainties associated with that performance. A description of the flexible design waste package can be
found in Section 2.3.4.1 of the Supplement to the Draft EIS and Section 2.1.2.2.2 of the Final EIS.
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The type and amount of neutron absorber necessary for a specific waste package design would be determined
by DOE prior to receipt of a license from the Nuclear Regulatory Commission to receive and posses spent
nuclear fuel and high-level radioactive waste. This would have to be done consistent with a criticality
analysis methodology that has been accepted by the Commission. The specifics of that methodology are
presented in Disposal Criticality Analysis Methodology Topical Report, which DOE submitted to the
Commission in January 1999.

DOE has considered onsite and offsite locations for the Cask Maintenance Facility. A site for the landfill has
not yet been identified. DOE would identify an appropriately sized landfill at the repository site for
nonhazardous and nonradiological construction and sanitary solid waste, and for similar waste generated
during operation, monitoring, and closure of the repository. Although the Cask Maintenance Facility may not
be located at the Yucca Mountain site (therefore not depicted on current site drawings), the EIS analysis
assumed the landfill and the Cask Maintenance Facility would be located at the repository. By doing so, the
environmental impacts of these facilities were considered in the EIS. DOE believes that the amount of
information in the EIS on these facilities is adequate to determine representative environmental impacts.

Figure 2-10 shows the location of the cooling tower at the North Portal Operations Area. DOE would use the
cooling tower exclusively for air conditioning of surface facilities at the repository. The tower would not be a
source of chemical contamination or radiological emissions. The Final EIS has been revised to state that the
cooling tower is not a source of chemical or radiological emissions or contamination.

DOE would emplace waste packages in underground tunnels at the same time it was constructing additional
tunnels. However, the two areas of operation would be isolated from one another. Section 4.1.3.2 of the EIS
discusses potential impacts to surface water from repository construction, operations, maintenance,
monitoring, and closure. As stated in that section, DOE would pump water from subsurface construction
areas to a lined evaporation pond at the South Portal Operations Area. It would pump water from the
emplacement areas, if any, to a lined evaporation pond at the North Portal Operations Area, but only after
verifying that it was not contaminated.

DOE would remove solid materials through mining operations, but only from the development area.
Bulkheads would isolate this area from the emplacement side, and the ventilation system would ensure that
air leaks would be from the development side to the emplacement side (because it would maintain a lower
pressure on the emplacement side).

As described in the Supplement to the Draft EIS and incorporated into the Final EIS, the waste package has
been redesigned to include a thick outer shell of a corrosion-resistant high-nickel alloy (Alloy-22) and a thick
inner shell of stainless steel for strength. This newer design would resist corrosion far better than the design
described in the Draft EIS, and would improve the predicted performance of the repository and reduced
uncertainties associated with that performance. Section 2.1.2.2.4 of the EIS describes the waste package
design.

DOE agrees that the limitation or prevention of intentional and unintentional activities around the closed

repository could not be guaranteed.

DOE would design and implement a postclosure monitoring program in compliance with the Nuclear
Regulatory Commission regulations (10 CFR Part 63). Before closure, DOE would submit an application for
a license amendment to the Commission for review and approval. The application would include, among
other items:

1. An update of the assessment of the performance of the repository for the period after closure

2. A description of the postclosure monitoring program
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3. A detailed description of measures to regulate or prevent activities that could impair the long-term
isolation of the waste, and to preserve relevant information for use by future generations

The application also would describe DOE’s proposal for continued oversight to prevent any activity at the site
that would pose an unreasonable risk of breaching the repository’s engineered barriers, or increase the
exposure of individual members of the public to radiation beyond limits allowed by the Nuclear Regulatory
Commission. DOE has modified Chapter 9 of the EIS to include the types of monitoring and other
institutional controls that would be contemplated. The Department would develop the details of this program
during the consideration of the license amendment for closure. This would allow the Department to take
advantage of new technological information, as appropriate.

DOE agrees that the limitation or prevention of intentional and unintentional activities around the closed
repository could not be guaranteed.

DOE believes that the mostly rail scenario, in which more than 95 percent of spent nuclear fuel and high-level
radioactive waste would be shipped by rail, and the rest by legal-weight truck, would most closely
approximate the actual mix of truck and rail shipments. In reaching this conclusion, DOE considered the
capabilities of the sites to handle larger (rail) casks, the distances to suitable railheads, and historic experience
in actual shipments of nuclear fuel, waste or other large reactor-related components. DOE also considered
relevant information published by sources such as the Nuclear Energy Institute and the State of Nevada. In
addition, DOE has identified mostly rail as its preferred mode of transportation, both nationally and in
Nevada. At this time, however, the Department has not identified a preference among the five candidate rail
corridors in Nevada.

The EIS focuses on analyses of potential environmental impacts, including impacts to human health and
safety. DOE provided the estimated cost information as a point of comparison between the Proposed Action
and the No-Action Alternative. The cost estimates in the Draft EIS were in 1998 dollars with no escalation or
discount rates. The reference cited in the comment (DIRS 104980-CRWMS M&O 1999) provides the basis
for the Proposed Action cost estimate for the period from 2002 to 2116. As stated in that reference, most of
the detailed information came from existing cost estimates for the 1999 to 2116 period in the Viability
Assessment of a Repository at Yucca Mountain (DIRS 101779-DOE 1998) and from the Analysis of the Total
System Life Cycle Cost of the Civilian Radioactive Waste Management Program (DIRS 102031-DOE 1998),
which both provide detailed year-by-year cost estimates. The EIS estimates include all costs from 2002
forward (when DOE anticipates a decision regarding development of a repository at Yucca Mountain). Costs
for the Proposed Action and the No-Action Alternative would be the same up to that time. Costs for siting
and characterization of the Yucca Mountain site were not included in the Draft EIS estimates. Section 2.1.5
of the Final EIS provides revised cost estimates for the repository flexible design.

The No-Action Alternative cost estimate in Section 2.2.3 of the EIS is a comparative cost estimate and only
includes costs different from the costs of the Proposed Action. For example, the No-Action costs do not
include storage costs until 2010 when a repository would first accept spent nuclear fuel and high-level
radioactive waste because storage until that point would be required under both the Proposed Action and the
No-Action Alternative. The No-Action cost estimate is based on, and consistent with, existing industry
experience for dry onsite storage of spent nuclear fuel and high-level radioactive waste. Section 2.2.3 of the
Final EIS provides revised cost estimates for the No-Action Alternative.

The full quote of the last sentence is:

“Because these projections are based essentially on best available scientific techniques, DOE focused the
assessment of long-term impacts on human health, biological resources, surface-water and groundwater
resources, and other resource areas for which the analysis determined the information was particularly
important and could establish estimates of impacts.” (Draft EIS, p. 2-74)

The intent of this statement is that DOE assessed all important impacts in the long-term period. No analyses
were omitted because of inability to establish an estimate. Some resource areas (such as noise, utilities, and

CR-549 EPA



Comment-Response Document

17.

18.

19.

20.

21.

services) were deemed to have no foreseeable impact and no detailed analysis was necessary. DOE realizes
that even the full quote is confusing and has, therefore, revised the language in the Final EIS.

The value of 2.4 rem listed in the table in Section 2.4.4.1 of the EIS would be the dose to a hypothetical
person assuming that exposure would be limited to 100 millirem per year. DOE has added a footnote to the
table to include this information. Section 6.2.3.1 contains more information.

The statement is correct, and the information in Section 4.1 of the Draft EIS supports the conclusions.
However, the paragraph in question was out of place in the Draft EIS. Potential impacts of the transportation
of spent nuclear fuel would not be related to thermal load scenarios of the Draft EIS or to the flexible design
analyzed in the Final EIS. The paragraph in question has been deleted.

The purpose of the bullet in Section 2.4.4.2 referred to in this comment is to identify salient conclusions that
can be drawn from the information in the summary table in that section. For this reason, DOE has not
included modifications or references to other sections in the Final EIS.

DOE believes that it has sufficient information and understanding of the hydrologic setting to adequately
determine the potential environmental impacts from the Proposed Action. DOE and others have been
evaluating and assessing the hydrologic setting and associated characteristics at the Yucca Mountain site and
nearby region for many years. DOE’s site characterization program has been redirected from time-to-time to
reflect and accommodate reviews by independent parties, both internal and external to the Department.
Nevertheless, it is clear that the regional and site-specific hydrologic setting is complex and uncertainties
remain. Additional information would refine DOE’s understanding of, for instance, the regional groundwater
flow system, and would further reduce uncertainties associated with flow and transport in the alluvial,
volcanic and carbonate aquifers.

In recognition of these uncertainties, DOE has supported Nye County with its program (called the Early
Warning Drilling Program) to characterize further the saturated zone along possible groundwater pathways
from Yucca Mountain, as well as the relationships among the volcanic, alluvial, and carbonate aquifers.
Information from the performance confirmation program (if Yucca Mountain is approved for a repository)
could be used in conjunction with that of the Early Warning Drilling Program to refine the Department’s
understanding of the flow and transport mechanics of the saturated alluvium and valley-fill material south of
the proposed repository site, and to update conceptual and numerical models used to estimate waste isolation
performance of the repository. When DOE published the Draft EIS, only limited information from the Early
Warning Drilling Program was available. Since then, however, this program has gathered additional
information (see Section 3.1.4.2.1 of the EIS).

In addition, DOE has installed a series of test wells along the groundwater flow path between the Yucca
Mountain site and the Town of Amargosa Valley as part of an alluvial testing complex. The objective of this
program is to better characterize the alluvial deposits beneath Fortymile Wash along the east side of Yucca
Mountain. Single- and multi-well tracer tests have begun and the results thus far have strengthened the basis
of the site-scale saturated flow and transport model. This program is described in Section 3.1.4.2.1 of the
EIS.

Although DOE has improved its understanding of the hydrologic system, uncertainties would remain given
the time frame of concern (waste isolation for thousands of years). If the site was approved, DOE would
institute a performance confirmation and testing program, elements of which would address the hydrologic
system. The purpose of this program would be to evaluate the accuracy and adequacy of the information used
to determine whether the repository would be expected to meet long-term performance objectives. The
performance confirmation program, which would continue through closure of the repository (possibly as long
as 300 years), would offer a means to further understanding of the hydrologic system and reduce
uncertainties.

DOE has initiated a program to evaluate the hydrologic processes in the saturated zone, particularly the
hydrogeologic relationship between the volcanic aquifer, alluvial aquifer, and carbonate aquifer. This is
currently being addressed through a cooperative agreement between Nye County and DOE, referred to as the
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Early Warning Drilling Program. Recent results from this program have been incorporated into this Section
3.1.4.2.1 of the EIS.

Section 3.1.4.2.2 of the EIS refers to large hydraulic gradient north of the site. Specific information related to
the saturated zone and carbonate aquifer can be found in the cited references in Section 12 of the EIS. With
regard to the saturated zone and the carbonate aquifer, one well (UE 25p #1) penetrated the carbonate aquifer
at Yucca Mountain, another well (NC-EWDP-2DB), along the potential flow path in Fortymile Wash, has
penetrated the carbonate aquifer and an upward hydraulic gradient was present. Well NC-EWDP-2DP, along
with six additional planned wells, will help characterize the carbonate aquifer system near Yucca Mountain as
part of the Nye County Early Warning Drilling Program. Four other wells at Yucca Mountain, as reported by
Luckey et al (DIRS 100465-1996), are believed to indicate the potentiometric level in the carbonate aquifer.
Elsewhere in the general area, particularly at the southern end of the Nevada Test Site and eastward from the
springs in Ash Meadows, the hydraulic relationship between the lower carbonate aquifer and overlying units
is well understood (DIRS 101167-Winograd and Thordarson 1975). The very presence of the springs in Ash
Meadows demonstrates the fact of an upward hydraulic gradient in the lower carbonate aquifer. Because the
lower carbonate aquifer is buried by some 6,000 feet of unconsolidated deposits in the Amargosa Desert west
of the springs in Ash Meadows, no wells have been drilled into this aquifer. Claassen (DIRS 101125-1985)
presents the hydraulic and hydrochemical evidence of subsurface discharge from the lower carbonate aquifer
to the alluvial fill of the Amargosa Desert to the west of Rock Valley Wash. In addition, several
investigations have concluded from hydrologic, chemical, and isotopic evidence that the lower carbonate
aquifer is the source of the large springs in Furnace Creek Wash (Death Valley). Thus, the understanding of
the flow system and hydraulic relationships of the lower carbonate aquifer are based not only on data from
well UE 25p #1 at Yucca Mountain, but on a large body of regional hydrologic and chemical evidence
collected over the past 40 years.

The Draft EIS reported groundwater concentrations and then compared the results to current Safe Drinking
Water Act standards for four points of compliance: 5, 20, 30 and 80 kilometers (3, 12, 19, and 50 miles) from
the repository. It reported the concentrations for both the mean and 95th percentile of a set of 100 stochastic
realizations of the undisturbed case release scenario, which determines the type and quantity of waste released
over time. Chapter 5, Appendix I, and the Viability Assessment (DIRS 101779-DOE 1998) discuss this
scenario. The Draft EIS reported results for three thermal load scenarios for the peak occurring within 10,000
years after repository closure.

DOE did not use the concept of representative volume in the Draft EIS because of the nature of the
groundwater model, which was the same as that used for the Viability Assessment of a Repository at Yucca
Mountain (DIRS 101779-DOE 1998). This model simulates the saturated zone transport as a series of six
parallel tubes that follow the general flow of groundwater south through Amargosa Valley to the surface
discharge point at Franklin Lake Playa. These one-dimensional tubes have a concentration identified at the
repository footprint (that is, all repository footprint water flows through the tubes), a dilution factor
characterizes how much dispersion would occur, and a delay factor accounts for sorption. Thus, at the point
of compliance the model assumes that groundwater is repository footprint water with a conservative dilution
factor and delay time.

Since publication of the Draft EIS, the Environmental Protection Agency (EPA) and the Nuclear Regulatory
Commission finalized their environmental protection and licensing criteria regulations (40 CFR Part 197 and
10 CFR Part 63, respectively), which provide an individual protection standard for the proposed Yucca
Mountain Repository.

For the Final EIS, DOE used the definition of the Reasonably Maximally Exposed Individual (RMEI) from
40 CFR 197.21, which defines the individual as a hypothetical person who could meet the following criteria:

(a) Has adiet and living style representative of the people who are now residing in the Town of Amargosa
Valley, Nevada. DOE must use the most accurate projections, which might be based upon surveys of
the people residing in the Town of Amargosa Valley, Nevada, to determine their current diets and living
styles and use the mean values in the assessments conducted for Sections 197.20 and 197.25.
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(b) Drinks 2 liters (0.5 gallon) of water per day from wells drilled into the groundwater at the location
where the RMEI lives.

The location of the RMEI described in 40 CFR Part 197 would be where the predominant groundwater flow
path crosses the southern boundary of the Nevada Test Site which coincides with the southern boundary of
the controlled area as defined in the regulation. This point is approximately 18 kilometers (11 miles) from the
proposed repository. DOE has concluded that it is not necessary to analyze in the Final EIS a hypothetical
individual at locations closer than approximately 18 kilometers to the repository because it is unreasonable to
assume that anyone would reside in this area, because:

e Anindividual would need to install and operate a water well in volcanic rock at more than 360 meters
(1,200 feet) deep to reach the water table at costs significantly above (and likely prohibitive) those that
would be incurred several kilometers farther south of the repository where the water tables lies less than
60 meters (200 feet) beneath the surface through sand and gravel. and

e Locations closer than 18 kilometers (11 miles) are within the controlled area defined in the EPA standard
for a Yucca Mountain repository and therefore not in the postclosure accessible environment defined by
EPA.

The updated analysis in the Final EIS estimates potential groundwater impacts reported for the compliance
point prescribed in 40 CFR Part 197 [approximately 18 kilometers (11 miles) from the proposed repository].
As part of a comprehensive presentation of impacts, this EIS is charged with providing groundwater impacts
for two other important down gradient locations. These are 30 kilometers (19 miles), where most of the
current population in the groundwater path is located, and 60 kilometers (37 miles) where the aquifer
discharges to the surface (this location is also known as Franklin Lake Playa). This analysis indicates that for
the first 10,000 years there would be only very limited releases, attributable to a small number of early waste
package failures (zero to three, and possibly as many as five) due to waste package manufacturing defects,
with very small radiological consequences (see Table 5-6). For the first 10,000 years after repository closure,
the mean and 95th-percentile peak annual individual dose would be thousands of times less than the
Environmental Protection Agency standard, which allows up to 15-millirem-per-year dose rates during the
first 10,000 years. The peaks would be even smaller at greater distances.

DOE has revised the definitions of the maximally exposed individual and RMEI in the Final EIS. Chapters 4,
6, and 7 now use the term “maximally exposed individual,” and Chapter 5 uses “individual.” The individual
is the “reasonably maximally exposed individual” defined in 40 CFR Part 197.

In addition, the Final EIS updated the groundwater protection analyses consistent with criteria provided at 40
CFR 197.30. The results of these analyses are provided in Tables 5-6 and 5-10 of Chapter 5 of the Final EIS
and show that both the mean and 95th percentile estimated radionuclide concentrations during the 10,000
regulatory period are thousands of times less than the regulatory limits.

Section 3.1.4.2.2 of the EIS indicates that perched water is formed when water percolating down through the
subsurface encounters a zone of lower permeability and, as a result, accumulates. Vertical movement of
water probably stills occurs, but at a slower rate below the perched water than above. In the tilted strata at
Yucca Mountain, the accumulation of perched water must be accompanied by a feature such as a fault to
restrict the lateral movement of water. The surface of the perched water then remains at a fairly stable
elevation once the inflow and outflow rates are balanced. At Yucca Mountain this is attributed to less
infiltration (a drier climate than when most of the perched water accumulated) and/or the elevation of the
perched water reaching a point where the lateral restriction changes and the water “spills” out, or it could just
reflect a long-term, steady-state condition.

The commenter is correct that seismic activity could change the rate at which water moves in the unsaturated
zone, but it would be much less likely to change the quantity of water moving through the unsaturated zone
because quantity is related chiefly to climate. That is, the rate at which water would reach the perched zone
might increase for a short period of time as water above it “drained” from the system as a result of increased
permeability. But eventually the amount of water reaching the perched water would again be controlled by
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the amount of water entering the system (that is, infiltration). For either the short-term increase in flux or the
long-term climate-driven flux to cause significant “mounding” of the perched water, the seismic activity
would have to result in a decreased permeability below the perched zone and/or an extension (lengthening) of
the lateral restriction to flow. A scenario of increased perched water elevation is not addressed in the EIS
because neither of these conditions would be expected to occur to any significant extent as a result of seismic
activity. Compared to the overlying Topopah Spring welded unit, seismic activity might cause less fracturing
in the Calico Hills nonwelded unit (the unit causing the perching condition), but it would not be expected to
decrease the latter’s permeability. The barrier to lateral flow at faults is believed to be the result of the
juxtaposition of a more permeable layer against a less permeable layer caused by the fault displacement.
Therefore, to lengthen the barrier, the offset would have to be lengthened. This is an obvious result of
displacement, but the greatest displacement in the Yucca Mountain area [32-centimeter (13-inch); Section
3.1.3.3 of the EIS] would be exceeded less than once in 100,000 years. Correspondingly, fault displacement
would not be expected to significantly increase the depth of perched water.

DOE has considered hundreds of “what if” scenarios involving features, events, and processes (FEPs) and
how they might affect the long-term performance of the repository. Those scenarios not excluded because of
low probability or low consequences or for other reasons were subjected to more detailed analysis and
included in long-term performance modeling. This process is documented in DOE’s FEP database and
associated documentation. The FEP process does not specifically address “mounding” of the perched water,
but it does cover what is believed to be a more realistic scenario; the relatively rapid draining of the perched
water due to seismic activity. In this case, were such an event to take place after containers in the repository
had begun to degrade, it could result in a fast pulse of contamination reaching the saturated zone. This
scenario was excluded from analysis in the long-term performance modeling because it was reasoned that the
volume of water associated with the perched system is not great enough to cause a significant “pulse” to the
saturated zone.

As part of its site characterization activities, DOE has conducted a variety of investigations into the nature of
water falling as precipitation on Yucca Mountain and passing through the unsaturated zone to the
groundwater beneath. One such study has been to quantify the concentrations of certain radioisotopes in the
Exploratory Studies Facility. Isotopes, such as chlorine-36 and tritium, which occur naturally and as a
byproduct of atmospheric nuclear weapons testing, serve as indicators of the rate of flow through the
unsaturated zone (see Section 3.1.4.2.2 of the EIS for details).

Results from preliminary studies have identified these isotopes in concentrations that tend to suggest that
there are connected pathways through which surface precipitation has percolated to the repository horizon
within the last 50 years. However, these isotopes have been found at locations that are generally associated
with known, through-going faults and well-developed fracture systems close to the faults at the proposed
repository horizon.

To ensure the correct interpretation of this chemical signal, DOE instituted additional studies to determine if
independent laboratories and related isotopic studies can corroborate the detection of elevated concentrations
of these radioisotopes. Results of the validation studies to this point have not allowed firm conclusions and,

thus, the evaluations continue.

DOE believes that these findings do not indicate that the Yucca Mountain site should be declared unsuitable
for development as a repository. Most of the water that infiltrates Yucca Mountain moves slowly through the
matrix and fracture network of the rock, and isotopic data from water extracted from the rock matrix indicates
that residence times might be as long as 10,000 years. Furthermore, after excavating more than 11 kilometers
(8.4 miles) of tunnels at Yucca Mountain for the Exploratory Studies Facility, DOE determined that only one
fracture was moist (there was no active flow of water). This observation has been confirmed in test alcoves
that are not subject to the effects of drying from active ventilation.

Nevertheless, the total system performance assessment incorporates the more conservative water movement
data as well as information from other water infiltration and associated hydrogeological studies. As a result
of this evaluation, DOE would not expect the repository (combination of natural and engineered barriers) to
exceed the prescribed radiation exposure limits during the first 10,000 years after closure.
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DOE has started a program to evaluate the hydrologic processes in the saturated zone, particularly the
hydrogeologic relationship between the volcanic aquifer, alluvial aquifer, and carbonate aquifer. This is
currently being addressed through a cooperative agreement between Nye County and DOE, referred to as the
Early Warning Drilling Program. Recent results from this program have been incorporated into this Section
3.1.4.2.1 of the EIS.

With regard to the saturated zone and the carbonate aquifer, one well (UE 25p #1) penetrated the carbonate
aquifer at Yucca Mountain, another well (NC-EWDP-2DB) along the potential flow path in Fortymile Wash
penetrated the carbonate aquifer and an upward hydraulic gradient was present. Well NC-EWDP-2DP, along
with six additional planned wells, will help characterize the carbonate aquifer system near Yucca Mountain as
part of the Nye County Early Warning Drilling Program. Four other wells at Yucca Mountain, as reported by
Luckey et al (DIRS 100465-1996), are believed to indicate the potentiometric level in the carbonate aquifer.
Elsewhere in the general area, particularly at the southern end of the Nevada Test Site and eastward from the
springs in Ash Meadows, the hydraulic relationship between the lower carbonate aquifer and overlying units
is well understood (DIRS 101167-Winograd and Thordarson 1975). The very presence of the springs in Ash
Meadows demonstrates the fact of an upward hydraulic gradient in the lower carbonate aquifer. Because the
lower carbonate aquifer is buried by some 6,000 feet of unconsolidated deposits in the Amargosa Desert west
of the springs in Ash Meadows, no wells have been drilled into this aquifer. Claassen (DIRS 101125-1985)
presents the hydraulic and hydrochemical evidence of subsurface discharge from the lower carbonate aquifer
to the alluvial fill of the Amargosa Desert to the west of Rock Valley Wash. In addition, several
investigations have concluded from hydrologic, chemical, and isotopic evidence that the lower carbonate
aquifer is the source of the large springs in Furnace Creek Wash (Death Valley). Thus, the understanding of
the flow system and hydraulic relationships of the lower carbonate aquifer are based not only on data from
well UE 25p #1 at Yucca Mountain, but on a large body of regional hydrologic and chemical evidence
collected over the past 40 years.

Section 3.1.4.2.2 of the EIS refers to the large hydraulic gradient north of the Site. An expert elicitation panel
addressed this feature and narrowed its likely cause to two theories: (1) flow through the upper volcanic
confining unit or (2) semi-perched water. The consensus of the panel favored the perched-water theory.
Whatever the cause, the experts were in agreement that the probability of any large transient change in the
configuration of this gradient is extremely low (DIRS 100353-CRWMS M&O 1998). DOE has initiated a
program to evaluate the hydrologic processes in the saturated zone, particularly the hydrogeologic
relationship between the volcanic aquifer, alluvial aquifer, and carbonate aquifer. This is currently being
addressed through a cooperative agreement between Nye County and DOE, referred to as the Early Warning
Drilling Program. Recent results from this program have been incorporated into Section 3.1.4.2.1 of the Final
EIS.

The reference from which DOE extracted this information does not correlate water-level fluctuations with
proximity to Fortymile Wash. The Draft EIS mentioned this only because Fortymile Wash is an area of
periodic recharge, which could have a local, temporary affect on the elevation of groundwater (see Section
3.1.4.2.2 of the EIS). The reference to the wells’ proximity to Fortymile Wash has been removed.

The washes listed in the comment are tributaries to Fortymile Wash, and Fortymile Wash is a tributary to the
Amargosa River. Because they are tributaries, the EIS text acknowledges that these washes might be
classified as “waters of the United States.” At present, there has been no formal designation of these drainage
channels. Without such a designation, DOE believes that it is appropriate in the EIS to continue to indicate
that these washes might be classified as waters of the United States. The Department will continue to
coordinate with the Army Corps of Engineers regarding any possible future designation of these or other
affected washes.

Section 3.1.4.1.1 of the EIS discusses surface water in the region of Yucca Mountain and indicates that
groundwater discharges to the channel of the Amargosa River near the community of Beatty, Nevada. The
purpose of this discussion is only to identify areas along the river channel where surface water exists on a
regular basis. It is not to identify the source of the groundwater that supplies the flow; this information is
included in the discussion of regional groundwater in Section 3.1.4.2.1 of the EIS (which includes
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Figure 3-13). In the discussion of Basins in Section 3.1.4.2.1, the description of the Pahute Mesa-Oasis
Valley groundwater basin indicates groundwater outflow is southward to the Amargosa Desert. The flow
arrow shown in Figure 3-13 of the Draft EIS at the south end of the Pahute Mesa-Oasis Valley basin points
southward toward Amargosa Desert and shows the groundwater pathway to be beneath the community of
Beatty. Accordingly, groundwater discharged in the area of Beatty comes from the Pahute Mesa-Oasis
Valley basin.

DOE revised its socioeconomic baseline projections and estimated impacts for the Final EIS incorporating
population data available from the State of Nevada and local communities. The revisions include an
estimated baseline projection to 2035 for the socioeconomic parameters considered in the EIS. In the Final
EIS, the estimated population distribution within 80-kilometers (50-miles) of the repository is also based on
projections to 2035 utilizing information available from State and local sources. The allocation of individuals
to a particular sector within the 80-kilometer area was based upon surveys conducted in 2000. Figure 3-25 of
the EIS provides the population distribution for 2035.

The Environmental Protection Agency recently published an age-specific risk factor of 5.75 chances in 10
million per millirem for fatal cancer (DIRS 153733-EPA 2000). However, DOE currently uses the value of
5.0 and 4.0 chances in 10 million per millirem for fatal cancer for members of the public and workers,
respectively, as recommended by the International Commission on Radiological Protection (DIRS 101836-
ICRP 1991). When recommending these risk factors, the International Commission on Radiological
Protection also expressed the desirability, for purposes of radiation protection, to use the same nominal risk
factors for both men and women and for a representative population with wide ranges in age. The
Commission stated that although there are differences between the sexes and populations of different age-
specific mortality rates, these differences are not so large as to necessitate the use of different nominal risk
factors. However, the higher risk factor for members of the public compared to that recommended for
workers accounts for the fact that children comprise a relatively large part of the population and are more
sensitive to the effects of radiation (cancer induction) than adults. Although the embryo-fetus is more
radiosensitive (with a radiation risk factor about two times that for the whole population) it is protected by the
body of the mother and comprises a small part of the overall population. Pregnant women are not unduly
radiosensitive, especially to low levels of radiation.

Both the Agency and DOE recognize that there are large uncertainties associated with these risk factors, as
expressed by the National Council on Radiation Protection and Measurements comment on the result of their
uncertainty analysis in the risk coefficients that “ ... show a range (90 percent confidence intervals) of
uncertainty values for the lifetime risk for both a population of all ages and an adult worker population from
about a factor of 2.5 to 3 below and above the 50th percentile value” (DIRS 101884-NCRP 1997). The
Department believes that the 15-percent difference in these risk factors is well within other uncertainties and
would provide little additional information to the decisionmaking process that this document informs. For
these reasons, DOE will continue to use risk factors recommended by the International Commission on
Radiological Protection in their National Environmental Policy Act documents.

Appendix K of the EIS cites reference documents that include the details of the dose calculations.
Information on these documents is available at DOE Reading Rooms and on the DOE Internet site
(http://www.ymp.gov).

The EIS sections cited by this comment identify potentially affected waterways and groundwater
characteristics pertaining to the 77 commercial and DOE generator sites. Sections 7.2.1.3 and 7.2.2.3 discuss
the potential hydrologic impacts associated with the No-Action scenarios.

With regard to transportation, Sections 3.2.2.1.3 and 3.2.2.2.3 of the EIS provides information on hydrology
related to transportation corridors within Nevada. Table 3-37 and 3-39 present surface-water resources and
groundwater basins, respectively, along the candidate rail corridors. Table 3-58 and 3-59 do the same for
candidate heavy-haul truck routes. For Nevada transportation, potential impacts to hydrology from
construction and operations are presented throughout Chapter 6. For example, see Section 6.3.2.2.1. The
analyses are based on an identification of surface-water resources within the 400-meter (0.25-mile) corridor
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for each alternative and outside the corridor, but within 1 kilometer (0.6 mile). Designated groundwater
basins are identified.

DOE does not specifically analyze a transportation accident, such as a spill, involving contamination of
surface water or groundwater because the casks are designed to be watertight and spent nuclear fuel and high-
level radioactive waste are not easily dispersed in water. While small particles could be generated by the
impact forces of an accident, and driven out of a shipping cask by a severe fire, the amount of contamination
that could ultimately enter groundwater would be much lower than that which would initially enter surface
waters. Factors such as soil sorption of radionuclides, rate of flow into recharge areas, dilution by rain water
and surface water, dilution by the large volume of groundwater, and delay associated with infiltration would
mitigate and greatly reduce any contamination that could occur. Therefore, water pathway contamination,
including subsequent contamination of food and natural resources, would not be a significant contributor to
the radiological risks of transporting spent nuclear fuel. DOE has, however, identified potential mitigation
measures for surface water and groundwater from the construction and operation of transportation systems.
See Sections 9.3.3.1 and 9.3.3.2 of the EIS.

DOE agrees with this comment and recognizes the potential need for Section 404 permitting. Section 11.2.2
of the EIS discusses this potentially applicable requirement. As indicated in Section 11.2.2, DOE may need to
obtain a permit from the U.S. Army Corps of Engineers if the repository or the transportation facilities
requires the discharge of dredge or fill materials into waters of the United States.

DOE concurs with this suggestion. Cross-references to Chapter 5 have been added to Section 4.1.3.3 to avoid
confusion between short-term preclosure effects and long-term performance after closure.

In the analysis of long-term performance, breaches of the containers were not treated as separate scenarios but
rather the result of modeling a number of features, processes, and events that then lead to various types of
container breaches. As such then, there are no expected scenarios for container breaches. The impacts to
groundwater result directly from the overall scenarios considered: nominal or “undisturbed” scenario,
volcanic events, and human intrusion. These are clearly differentiated in the Draft EIS and the Final EIS with
regard to groundwater impacts. Container breach is merely a process that is component to these broader
scenarios. The Final EIS points out that general corrosion is a primary process for failure driving the dose
results for the whole post-10,000-year period. Section I.5.1 of the Final EIS discusses waste package failures
versus time and discusses the modes of failure and the relationship to the annual dose history.

DOE does not specifically analyze a transportation accident, such as a spill, involving contamination of
surface water or groundwater because the casks are designed to be water tight and spent-nuclear fuel and
high-level radioactive waste are not easily dispersed in water. While small particles could be generated by
the impact forces of an accident, and driven out of a shipping cask by a severe fire, the amount of
contamination that might ultimately enter groundwater would be much lower than that which would initially
enter surface waters. Factors such as soil sorption of radionuclides, rate of flow into recharge areas, dilution
by rain water and surface water, dilution by the large volume of ground water, and delay associated with
infiltration would mitigate and greatly reduce any contamination that might occur. Although DOE’s analyses
in Chapter 6 take into account the proximity of surface waters and ground water basins (see Section 6.3.2.2.1
of the EIS as an example), water pathway contamination, including subsequent contamination of food and
natural resources, would not be a significant contributor to the radiological risks of transporting spent-nuclear
fuel. Analyses performed in previous EISs (see Section 1.5.3 and Table 1-1) have consistently shown that the
airborne pathway has the greatest potential for exposing large numbers of people to radioactive material in the
event of transportation accident resulting in the release of radioactive materials. DOE has, however,
identified potential mitigation measures for surface water and groundwater from the construction and
operation of transportation systems. The reader is referred to Sections 9.3.3.1 and 9.3.3.2.

While DOE believes the information presented in these sections of the EIS are sufficient to assess the relative
merits of the alternatives, the Department acknowledges additional environmental reviews would be required
to assess the potential impacts of such things as specific alignments through a transportation corridor.
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Section G.2.3.2 of the EIS discusses releases of noble gases from spent nuclear fuel in repository surface
facilities in more detail. Releases of noble gas radionuclides could occur at any commercial nuclear reactor
sites that handle spent nuclear fuel. Such releases are documented in annual and semiannual environmental
reports and published in a Nuclear Regulatory Commission summary, Radioactive Materials Released from
Nuclear Power Plants (DIRS 155108-Tichler, Doty, and Lucadamo 1995).

Krypton and other noble gases do not accumulate in environmental or biological media and, therefore, present
little hazard to humans or the environment. Radon is somewhat different because of its decay products, but
so little radon is released from spent nuclear fuel that it is almost immediately indistinguishable from
naturally occurring radon in the environment. As stated in Section 4.1.4.2 of the EIS, estimated doses to
plants and animals would be small and impacts from those doses would be unlikely to affect the population of
any species because the doses would be much lower than 100-millirad-per-day. The International Atomic
Energy Agency has stated that there is no convincing evidence that chronic exposures of 100 milliard per day
will harm plant or animal populations. Neither of these noble gases is typically monitored in biologic
communities because the potential for impact is so small.

DOE would consider providing escape ramps from trenches, including ponds and basins, as a mitigation
measure (see Section 9.2.3.2 of the EIS).

The loss of a small number of tortoises along roads and at the repository site would not affect the long-term
survival of the local or regional population of desert tortoises. Tortoises are widespread throughout the region
and large tracts of undisturbed tortoise habitat surround Yucca Mountain. Research at Yucca Mountain
during site characterization confirms that activities similar to those proposed would have little effect on
adjacent populations (DIRS 104294-CRWMS M&O 1999). Only five Desert Tortoise deaths have been
attributed to site characterization activities. The rate of tortoise mortality would remain comparable to that
observed during site characterization because the amount of traffic would be similar. Under the legal-weight
truck scenario, the repository would receive about 40 shipments a day of supplies, materials, and equipment
(Section J.3.6.1 of the EIS), and up to six shipments of spent nuclear fuel or high-level radioactive waste
(Section J.1.2.1 of the EIS). During site characterization, the daily average number of vehicles passing traffic
counters in 1993 and 1994 was between 40 and 55 (DIRS 104294-CRWMS M&O 1999). DOE and the U.S.
Fish and Wildlife Service have completed consultation on the potential effects of repository construction,
operation, and monitoring and closure on threatened and endangered species. In its Biological Opinion, the
Fish and Wildlife Service concluded that these actions would not jeopardize the continued existence of the
Mojave population of the desert tortoise. That Opinion includes an unlimited take provision of tortoises along
roads at Yucca Mountain, in part because deaths due to vehicles are anticipated to be infrequent. (See
Appendix O of the EIS for the Biological Opinion.) Section 4.1.4 of the Final EIS has been modified to
better explain the conclusion that the Proposed Action would not affect the tortoise population.

In general, the uncertainty approach used in the EIS uses realistic ranges of values for inputs and, where
possible, acknowledges the uncertainty. In some instances, conservative assumptions are necessary to avoid
the possibility of understating the potential impacts of the proposed Yucca Mountain Repository.

An interesting outcome of a full uncertainty analysis of a system such as the proposed repository is that the
use of “expected values” (for example, averages) for all parameters does not actually predict the expected
outcome very well. Because of the skewed aspect of many input parameters to the models (a reflection of the
real nature of the underlying data), the results predicted using only mean values actually produce a low-
probability occurrence, usually in the 90th percentile or above of the outcomes predicted in a full stochastic
assessment. Thus, it is more reasonable to perform a full stochastic assessment and report the expected
outcome in terms of the statistics computed from the results. DOE did this in the EIS by reporting the mean
outcome and the tail probability (95th percentile). However, the EIS has been revised to more clearly and
more fully discuss both the modeling uncertainties and the degree of conservatism in the modeling.

Chapter 5 and Section 8.3.1 of the EIS now include analyses of atmospheric releases of radon-222 to the time
of peak dose.
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Chapter 5 and Section 8.3.1 of the EIS now include analyses of atmospheric releases of radon-222 to the time
of peak dose.

Chapter 5 and Section 8.3.1 of the EIS now include analyses of atmospheric releases of radon-222 to the time
of peak dose.

The referenced statement in Section 5.5 of the Draft EIS is an error. There was no global population
calculation performed for the Draft EIS. The statement has been removed.

The overview of the screening process in the Draft EIS referred to a process detailed in Appendix I. DOE
believes that Appendix I provided sufficient detail for a full understanding of what was done. In the updated
analysis presented in the Final EIS, a different screening process was used due to design changes. This new
screening process is detailed in Appendix I and cross-referenced in Chapter 5 of the Final EIS. The
discussion in Final EIS Appendix I was designed to provide as clear and comprehensive explanation as
possible.

The intent of Section 5.2.3.4 of the Draft EIS (Sections 1.2.2 and 1.2.8 of the Final EIS) is to describe the
process models and radionuclide movement tendencies. Section 3.1.4.2.1 provides aquifer and pathway
information.

DOE recognizes that additional data would further define the flow system and reduce uncertainties about the
interactions among the alluvial, volcanic, and carbonate aquifers in the saturated zone. DOE has initiated a
program to evaluate the hydrologic processes in the saturated zone, particularly the hydrologic relationships
between the volcanic aquifer, alluvial aquifer, and carbonate aquifer. This is currently being addressed
through a cooperative agreement between Nye County and DOE, referred to as the Early Warning Drilling
Program. Recent results from this program have been incorporated into Section 3.1.4.2.1 of the Final EIS.

It is correct that only one well penetrates the lower carbonate aquifer at Yucca Mountain. Four other wells at
Yucca Mountain, as reported by Luckey et al (DIRS 100465-1996), are believed to indicate the
potentiometric level in the carbonate aquifer. Additional wells are being drilled to characterize the carbonate
aquifer system near Yucca Mountain as part of the Early Warning Drilling Program. One of the wells drilled
under this program, which is about 19 kilometers (12 miles) south of the repository site, also penetrated the
carbonate aquifer and shows an upward gradient at that location.

With regard to the comment on Ash Meadows, groundwater that infiltrates through Yucca Mountain does not
discharge at the Devils Hole Protective Withdrawal or in Ash Meadows. The elevation of the water table in
the Devils Hole/Ash Meadows area is about 64 meters (210 feet) higher than the water table in the Amargosa
Desert to the west and south. This east-to-west decline in the elevation of the water table indicates that
groundwater from the carbonate rocks beneath the Devils Hole Hills flows westward across Ash Meadows
toward Amargosa Desert--not the other way around. Therefore, contaminants from Yucca Mountain could
not discharge at springs in Devils Hole and Ash Meadows nor contaminate the aquifer.

This comment identifies the infiltration rates for the high and intermediate thermal loads. The amount of
infiltration, or flux, that would go through the proposed repository would vary based on the thermal loads
being considered. Sections 5.4.1, 5.4.2, and 5.4.3 of the Draft EIS address the high, intermediate, and low
thermal load scenarios, respectively. For each scenario, the footprint of the repository (that is, the size of the
repository perpendicular to downward moving infiltration) expands to a larger size to support the lower waste
loading. With the high thermal load scenario, the waste would be tightly packed and an estimated 27,000
cubic meters (22 acre-feet) of water would infiltrate through the repository. An estimated 31,000 cubic
meters (25 acre-feet) of water would go through the repository under the intermediate thermal load scenario.
With a low thermal load repository, the waste would be spread out and an estimated 57,000 cubic meters (46
acre-feet) of water would infiltrate through the repository. The same concept is applicable to the higher-and
lower-temperature operating modes, which influence the size of the underground emplacement and, therefore,
the estimated quantity of water that would infiltrate.

EPA

CR-558



Comment-Response Document

50.

51.

52.

53.

54.

55.

56.

Section 5.7.2 of the Final EIS presents dose history curves for the volcanic scenarios showing the mean and
95th-percentile curves along with lines for the nominal case for comparison to results for various volcanic
disturbance scenarios and the undisturbed waterborne release results.

This is a valid point. The sentence in question is confusing and has been deleted from the EIS.
Thank you for your comment.

DOE thanks the Environmental Protection Agency for its input. Information presented in Section M.5.1 of
the EIS provides additional information related to emergency response planning and Section M.6 provides
additional information on financial assistance programs.

If the Yucca Mountain site was approved for development of a repository, shipping routes would be
identified at least 4 years before shipments began and Section 180(c) assistance would be made available
approximately 4 years prior to shipments through a jurisdiction (see Section M.6 of the EIS). In accordance
with 10 CFR 73.37(a)(7), actual route selection and submission to the Nuclear Regulatory Commission would
occur 1 or more years before a route’s use for shipment (see Section M.3.2.1.2 for more information). At this
time, many years before shipments could begin, it is impossible to predict with a reasonable degree of
accuracy which highway route or rail lines DOE would use. In the interim, states and tribes may designate
alternative preferred highway routes, and highways and rail lines might be constructed or modified.
Therefore, for purposes of analysis in this EIS, DOE identified representative highway routes in accordance
with U.S. Department of Transportation regulations, which require the use of preferred routes (Interstate
System highway, beltway or bypass, and state or tribal designated alternate route) that reduce time in transit
(see Figure 6-11). DOE identified rail lines based on current rail practices, as there are no comparable
Federal regulations applicable to the selection of rail lines for shipment of radioactive materials (see Figure 6-
12).

In response to public comments, DOE has included, state maps of representative highway routes and rail lines
it used for analysis in Appendix J of the EIS (see Section J.4). Section J.4 includes potential health and safety
impact estimates associated with shipments for each state through which shipments could pass.

Because of the public’s interest in transportation, DOE has added to this EIS Appendix M and maps and
tables that show the analyzed routes and estimated health and safety impacts for each state through which the
shipments would pass. Appendix M provides general background information about transportation-related
topics, such as transportation regulations (Section M.2), transportation operations (Section M.3), cask testing
(Section M.4), and emergency response (Section M.5).

DOE has issued a draft Request for Proposals requiring the Regional Servicing Contractor to prepare a
transportation plan that describes the Contractor’s operational strategy and delineates the steps it would
implement to ensure compliance with all regulatory and other DOE requirements. This includes
identification of proposed routes and associated routing considerations, coordination and communication with
all participating organizations and agencies, including other Regional Servicing Contractor(s), DOE, state,
Native American tribal, and local governments, and interactions with appropriate Federal and state
organizations. The route and mode determinations would be interactive. If, during the course of the mode or
route determinations, one of the previously determined factors changed, the site-specific mode and route
analysis would be reevaluated to ensure consistency.

The Conformity Review discussions have been updated in all sections. Conformity Review results are
summarized in Section 6.3.1.1 of the EIS for the mostly legal-weight truck scenario, in Section 6.3.2.1 for the
mostly rail scenario, and in Section 6.3.3.1 for the heavy-haul truck scenario. The Conformity Review was
focused on with levels of carbon monoxide and particulate matter (PM), for which the Las Vegas air basin
has been classified as being in “serious nonattainment.” Since the Draft EIS was published, the mostly rail
scenario has been selected by DOE as the preferred transportation option. The Conformity Review found that
more detailed analyses (that is, a Conformity Determination) would be required for the construction phase of
a branch rail line in the Valley Modified Corridor, if that rail corridor was selected. The other corridors
would not present a conflict with the General Conformity requirements for carbon monoxide and PM;,.
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Emissions for constructing a branch rail line in the Valley Modified Corridor are estimated in the Conformity
Review to be up to 145 metric tons (160 tons) per year (160 percent of the General Conformity threshold
level) for carbon monoxide, and up to 120 metric tons (130 tons) per year (190 percent of the General
Conformity threshold level) for PM;.

The carbon monoxide emissions within the nonattainment area would result from fuel use by the construction
vehicles and vehicle emissions from commuter and supply traffic to the Yucca Mountain site. The PM,g
releases would include the emissions from disturbing the ground and from fuel combustion of the
construction equipment. Dust abatement measures (for example, water applications) would reduce fugitive
dust PM o emissions by 70 percent. The emissions estimates could be reduced further by lengthening the
construction time or more detailed task planning to reduce the production of emissions.

Emissions from a branch rail line in the Valley Modified Corridor into the nonattainment area would occur
during the much longer operations phase, as the locomotive passed through the nonattainment area on its way
to the Yucca Mountain site. However, operations phase emissions would not exceed the General Conformity
threshold levels. The estimated operations emissions for a branch rail line in the Valley Modified Corridor
would be 81 percent of the carbon monoxide General Conformity threshold level and less than 3 percent of
the PM;y General Conformity threshold levels.

In addition, the Conformity Review compared the Valley Modified Corridor carbon monoxide and PM;,
release estimates to the Nevada carbon monoxide and PM,, State Implementation Plans (DIRS 156706-Clark
County 2000; DIRS 155557-Clark County 2001). The construction phase Valley Modified carbon monoxide
emissions estimates would be less than 0.2 percent of the total daily carbon monoxide inventory emitted into
the nonattainment area. The construction phase Valley Modified PM,, emissions estimates would be less
than 0.08 percent of the daily and annual PM,, inventory emitted into the Las Vegas Valley air basin.

DOE defined “dose risk” in a text box in Section 6.1.1 of the EIS as follows:

“Dose risk is the sum of the products of the probabilities (dimensionless) and the consequences (person-rem)
of all potential transportation accidents.”

DOE and the U.S. Fish and Wildlife Service (see Appendix O of the EIS) have concluded that the loss of a
small number of tortoises along roads and at the repository site would not affect the long-term survival of the
local or regional population of desert tortoises. Tortoises are widespread throughout the region and large
tracts of undisturbed tortoise habitat surround Yucca Mountain. Research at Yucca Mountain during site
characterization confirms that activities similar to those proposed would have little effect on adjacent
populations. The rate of tortoise mortality would remain comparable to that observed during site
characterization because the amount of traffic would be similar. Under the legal-weight truck scenario, the
repository would receive about 40 shipments a day of supplies, materials, and equipment (Section J.3.6.1 of
the EIS), and six shipments of spent nuclear fuel or high-level radioactive waste (Section J.1.2.1). During site
characterization, the daily average number of vehicles passing traffic counters in 1993 and 1994 was between
40 and 55 (DIRS 104294-CRWMS M&O 1999). The U.S. Fish and Wildlife Service has authorized an
unlimited take of tortoises along roads at Yucca Mountain during repository construction and monitoring and
closure in part because deaths due to vehicles are anticipated to be very infrequent (see Appendix O). Section
4.1 has been modified to better explain the conclusion that the Proposed Action would not affect the tortoise
population.

As is typical for deterministic analyses such as those performed to evaluate No-Action Scenarios 1 and 2, the
EIS analysis used best estimate single-input values to produce a best estimate result. As is also typical with
these analyses, a separate analysis (semi-quantitative) addressed the uncertainty associated with the input
values and assumptions and provided an assessment of the effects these uncertainties could have on the model
results (see Section K.4 of the EIS for details).

However, for Scenario 2 the analysis provided a range of best estimate impact values between regions for
collective, as well as individual, impacts (see the tables in Section K.3.1 of the EIS). This was done to
illustrate the importance of environmental transport human exposure (exposed population) parameters. Also
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under this scenario, a range of accident impacts was provided for high and low populations. Under Scenario
1, impact ranges were not developed because all collective and individual impacts were extrapolated from
information provided by the Nuclear Regulatory Commission’s environmental assessment of the Calvert
Cliffs Independent Spent Fuel Storage Installation (DIRS 101898-NRC 1991).

As stated in Section K.4 of the EIS, DOE attempted to quantify a range of uncertainties associated with
mathematical models and input data, and estimated the potential effect these uncertainties could have on
collective human health impacts. By summing the uncertainties discussed in Sections K.4.1, K.4.2, and K.4.3
of the EIS where appropriate, DOE estimated that total collective impacts over 10,000 years could have been
underestimated by as much as 3 or 4 orders of magnitude. However, because there are large uncertainties in
the models used for quantifying the relationship between low doses (that is, less than 10 rem) and the
accompanying health impacts, especially under conditions in which the majority of the populations would be
exposed at a very low dose rate, the actual collective impact could be zero.

On the other hand, impacts to individuals (human intruders) who could move to the storage sites and live
close to the degraded facilities could be severe. During the early period (200 to 400 years after the assumed
loss of institutional control), acute exposures to external radiation from the spent nuclear fuel and high-level
radioactive waste material could result in prompt fatalities. In addition, after a few thousand years onsite
shallow aquifers could become contaminated to such a degree that consumption of water from these aquifers
could result in severe adverse health effects, including premature death. Uncertainties associated with these
localized impacts relate primarily to the inability to predict accurately how many individuals could be
affected at each of the 77 sites over the 10,000-year analysis period. In addition, the uncertainties associated
with localized impacts would exist for potential consequences resulting from unusual events, both manmade
and natural. Therefore, as discussed in Section K.4 of the EIS, uncertainties resulting from future changes in
natural phenomena and human behavior that cannot be predicted, process model uncertainties, and dose-
effect relationships, when taken together, could result in overestimating or underestimating the impacts by as
much as several orders of magnitude relative to the values listed in Section K.3.

DOE referenced 40 CFR Part 61 primarily because it provided a direct comparison to an air quality emission
standard. Since publication of the Draft EIS, the Environmental Protection Agency promulgated Public
Health and Environmental Radiation Protection Standards for Yucca Mountain, Nevada, at 40 CFR Part 197,
which included an annual dose limit to a member of the public of 15 millirem (40 CFR 197.4). In accordance
with requirements of the Energy Policy Act, the Nuclear Regulatory Commission subsequently promulgated
Yucca Mountain licensing criteria, which includes a Preclosure Public Health and Environmental Standard at
10 CFR 63.204 of 15 millirem per year to a member of the public. The appropriate sections of the EIS
(including those mentioned in Chapter 8) have been updated to reflect a comparison to the recently
promulgated standard of 15 millirem.

The maximally exposed individual dose values in Table 8-22 of the Draft EIS are the integrated doses over
the period of closure; six years each for the high and intermediate thermal-load scenarios and 15 years for the
low thermal-load scenario. In Table 8-28 of the Final EIS (the table that corresponds to Table §8-22 of the
Draft EIS), the closure period for the Inventory Modules ranges from 12 to 23 years for the higher-
temperature and lower-temperature repository operating modes.

The Department has revised the table to include the information on gross alpha concentration in Table 8-49 of
the Final EIS.

As indicated in Section 8.3.2.1, information on Greater Confinement Disposal on the Nevada Test Site is
from the Final Environmental Statement on the Nevada Test Site and Off-Site Locations in the State of
Nevada (DIRS 101811-DOE 1996). DOE included the description as it appears in the Nevada Test Site Final
EIS, but DOE did not base its analysis on this description. Rather, the Department relied on the analyses in
the Nevada Test Site EIS for input to Chapter 8. The Department acknowledges, however, that transuranic
radionuclides are a part of the category of Greater Confinement Disposal, with americium isotopes as one
example. The discussion in Section 8.3.2.1 of the Final EIS includes the presence of transuranic
radionuclides in this category.
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As indicated in Section 8.3.2.1, information on Greater Confinement Disposal on the Nevada Test Site is

from the Final Environmental Impact Statement on the Nevada Test Site and Off-Site Locations in the State of
Nevada (DIRS 101811-DOE 1996). The designation of “major known isotopes or wastes” is intended only to
give the reader a broad sense of what would be included in the appropriate waste category and does not affect
the analysis in this EIS. The Department relied on the analyses in the Nevada Test Site EIS for input to
Chapter 8. As a consequence, DOE did not repeat the detailed composition of the radioactivity at the Nevada
Test Site in this chapter.

A footnote to Table 8-53 in the Final EIS clarifies that the table is intended for information purposes only.

In response to this comment, DOE has reexamined the discussion of waste subject to Greater Confinement
Disposal and has modified Section 8.3.2.1.2 of the EIS to indicate that there is no credible mechanism for the
long-term release of materials from the Greater Confinement Disposal to the accessible environment.

The material subject to Greater Confinement Disposal is placed in boreholes that are approximately 37 meters
(120 feet) deep; the waste itself is no closer than approximately 21 meters (70 feet) to the surface. DOE has
reviewed previous analyses at the Nevada Test Site and has concluded that there is no credible pathway for
long-term release of materials by resuspension of nonvolatile radionuclides because the material is
sufficiently far below the surface. In addition, evapotranspiration exceeds precipitation in this region and
this, coupled with the fact that the boreholes are sufficiently above the water table, indicates that there is no
credible scenario for the Greater Confinement Disposal material to enter the groundwater.

As the Environmental Protection Agency notes, the Draft EIS evaluated the preliminary design concept
described in the Viability Assessment of a Repository at Yucca Mountain (DIRS-101779-DOE 1998) for
repository surface facilities, and disposal containers (waste packages). It also evaluated the plans for the
construction, operation and monitoring, and closure of the repository. DOE recognized before it published
the Draft EIS that plans for a repository would continue to evolve during the development of any final
repository design and as a result of any licensing review of the repository by the U.S. Nuclear Regulatory
Commission. The design evolution is evaluated in the Supplement to the Draft EIS and integrated into the
Final EIS. The Supplement to the Draft EIS incorporates new information, including an improved
understanding of the interactions of potential repository features with the natural environment, the addition of
design features for enhanced waste containment and isolation, and evolving regulatory requirements. The
design will continue to evolve in response to additional site characterization information, technological
developments, and interactions with oversight agencies. Section 2.3.4 of the Supplement describes the design
modifications (engineered barrier designs) including the addition of drip shields and refined waste packages.

With regard to the design process, DOE is moving forward with a final design but acknowledges, as noted
above and as documented by the Supplement to the Draft EIS, the design could further evolve. The updated
design information presented in the Supplement was carried forward to the Final EIS. However, DOE
believes the design has progressed to a point that it provides a reasonable basis for estimating the range of
potential short- and long- term impacts that would likely result from any final design.

As noted by the EPA, DOE has consulted, and will continue to consult, with tribal governments as sovereign
entities that possess authority and responsibility for Native American territory. A major objective of these
consultations is to ensure that the EIS addresses the full range of Native American cultural and technical
concerns related to the Proposed Action. Moreover, in these consultations DOE makes every effort to avoid
compromising the interests of individual tribes and, thus, to minimize conflicts between tribes and tribal
groups or other local (nontribal) government entities.

Native Americans have expressed general concern about the impacts of the candidate rail corridors, heavy-
haul truck routes, and intermodal transfer station locations. Consistent with its trust responsibilities, DOE
does not intend to take action, make decisions, or implement programs without consulting affected tribal
governments. In all cases, project decisions will incorporate input from affected tribes.

DOE prepared the EIS in accordance with Section 2 of the Nuclear Waste Policy Act of 1982, which defines
affected Indian Tribes as “...any Indian Tribe—(A) within whose reservation boundaries a monitored
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retrievable storage facility, test and evaluation facility, or a repository for high-level waste or spent nuclear
fuel is proposed to be located; and (B) whose federally defined possessory or usage rights to other lands
outside the reservations boundaries arising out of congressionally ratified treaties may be substantially and
adversely affected by locating such a facility: Provided that the Secretary of Interior finds, upon the petition
of the appropriate government officials of the Tribe that such effects are both substantial and adverse to the
tribe.” For this EIS, “Native American” means “Indian” or “American Indian.”

In response to public comments, DOE has revised Figures 2-25 and 2-26 of the EIS to show Federally
recognized tribal lands located along highway and rail routes that could be used for national transportation.

DOE has maintained a Native American Interaction Program with 16 tribes and one organization since the
mid-1980s. Tribal representatives are named by their respective tribes to sit on a DOE-funded, self-organized
committee called the Consolidated Group of Tribes and Organizations, whose charter is to present their
respective tribal concerns and perspectives to the Department. The Group meets twice per year and
participates in field trips to Yucca Mountain to impart cultural resource protection information and to become
more aware of the studies being conducted. While the Group does not support the potential use of Yucca
Mountain as a repository, they have agreed to be involved in an honest and participatory process. DOE will
continue to support the Group and Native American Interaction Program while carrying out the mission of
characterizing the Yucca Mountain site. The DOE also supported an American Indian Writers Subgroup
process in the preparation of a report that provides Native American perspectives on the repository to be used
in writing the EIS. The Native American Interaction Program is described in Section 3.1.6.2.1 of the EIS.
The Native American view of the affected environment is described in Section 3.1.6.2.2 of the EIS and the
impacts from the Proposed Action are discussed in Chapter 4 of the EIS. Section 4.1.5.2 of the EIS addresses
the Native American viewpoint with regard as to how the proposed project would affect cultural resources in
the Yucca Mountain area. Section 4.1.13.4 of the EIS discusses the Native American perspective regarding
the proposed repository and the surrounding region. These beliefs have been documented in American Indian

Perspectives on the Yucca Mountain Site Characterization Project and the Repository Environmental Impact
Statement (DIRS 102043-AIWS 1998), which has been sent to the commenter.

The Department of the Interior’s expressed policy is that its bureaus receive National Environmental Policy
Act documents through a coordinated distribution from its Office of Environmental Policy and Compliance.
In addition, DOE will send a copy of the Final EIS directly to the Bureau of Indian Affairs as recommended.

Chapter 5 and Appendix I of the EIS describe environmental consequences (primarily potential groundwater
impacts) from the long-term performance of the repository. Section 5.4 of the EIS contains information on
the radiological impacts on human health, and Section 5.6 examines the consequences from chemically toxic
materials during the first 10,000 years after closure. Environmental Protection Agency regulations (40 CFR
Part 197) and Nuclear Regulatory Commission regulations (10 CFR Part 63) require that DOE demonstrate
that releases from the repository would not exceed limits specified in those regulations over a 10,000-year
period. DOE recognizes that some radionuclides and potentially toxic chemicals would, after long periods,
eventually enter the environment outside the repository. Nevertheless, modeling of long-term repository
performance indicates that the combination of natural and engineered barriers would keep doses resulting
from such releases below the regulatory limits established by 40 CFR Part 197 and 10 CFR Part 63.

Nevada water-quality regulations (Nevada Administrative Code 445A.119-225), discussed in Section 11.2.2
of the EIS, are not applicable to the long-term performance of the repository. These regulations specify
water-quality standards that the Environmental Protection Agency and the State regulate by issuing permits
for point-source discharges and runoff to maintain water quality. Section 4.1.3 of the EIS discusses the
impacts to surface-water and groundwater hydrology during construction, operation and monitoring, and
closure of the proposed repository. DOE does not anticipate any point-source discharges, but has concluded
that repository operations would result in minor changes to runoff and infiltration. DOE would comply with
all applicable permit conditions.

Thank you for your comment.
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Chapter 5 and Appendix I of the EIS describe environmental consequences (primarily potential groundwater
impacts) from the long-term performance of the repository. Section 5.4 of the EIS contains information on
the radiological impacts on human health, and Section 5.6 examines the consequences from chemically toxic
materials during the first 10,000 years after closure. Regulations established by the Environmental Protection
Agency (40 CFR Part 197) and the Nuclear Regulatory Commission (10 CFR Part 63) require that DOE
demonstrate that doses resulting from releases of radionuclides from the repository would not exceed limits
specified in those regulations over a 10,000-year period. DOE recognizes that some radionuclides and
potentially toxic chemicals would, after long periods, eventually enter the environment outside the repository.
Nevertheless, modeling of long-term repository performance indicates that the combination of natural and
engineered barriers would keep such releases below the regulatory limits established by 40 CFR Part 197 and
10 CFR Part 63.

Nevada water quality regulations (Nevada Administrative Code 445A.119-225), discussed in Section 11.2.2
of the EIS, are not applicable to the long-term performance of the repository. These regulations specify water
quality standards that the Environmental Protection Agency and the State regulates by issuing permits for
point-source discharges and runoff to maintain water quality. Section 4.1.3 of the EIS discusses the impacts
to surface water and groundwater hydrology during construction, operation and monitoring, and closure of the
proposed repository. DOE does not anticipate any point-source discharges, but has concluded that repository
operations would result in minor changes to runoff and infiltration. However, DOE does not anticipate any
impacts from the repository on watering of livestock without treatment, habitat for fish and other aquatic life
existing in a body of water, the suitability of the water for propagation of wildlife and waterfowl without
treatment, or any unique ecological or aesthetic value of the water. DOE would comply with all applicable
permit conditions.

Chapter 5 and Appendix I of the EIS describe environmental consequences from the long-term performance
of the repository. Regulations established by both the Environmental Protection (40 CFR Part 197) and the
Nuclear Regulatory Commission (10 CFR Part 63) require that DOE demonstrate that doses resulting from
releases of radionuclides from the repository would not exceed limits specified in those regulations over a
10,000-year period. DOE recognizes that some radionuclides and potentially toxic chemicals would, after
long periods, eventually enter the environment outside the repository. Nevertheless, modeling of long-term
repository performance indicates that the combination of natural and engineered barriers would keep such
releases well below the regulatory limits established by 40 CFR Part 197 and 10 CFR Part 63.

The State of California Water Quality Standards are not directly applicable to discharges of groundwater to
the surface. Water quality standards established by the Environmental Protection Agency and the states are
regulated by the issuance of permits for point-source discharges and runoff to maintain water quality. Section
4.1.3 discusses impacts to surface-water and groundwater hydrology during construction, operation and
monitoring, and closure of the proposed repository. DOE does not anticipate any point-source discharges, but
has concluded that repository operations would result in minor changes to runoff and infiltration. DOE would
comply with all applicable permit conditions.

The cited regulations are not directly applicable to the long-term performance of the proposed Yucca
Mountain Repository. Regulations established by both the Environmental Protection Agency (40 CFR Part
197) and the Nuclear Regulatory Commission (10 CFR Part 63) require that DOE demonstrate that releases
from the repository would not exceed limits specified in those regulations over a 10,000-year period. DOE
recognizes that some radionuclides and potentially toxic chemicals would, after long periods, eventually enter
the environment outside the repository. Nevertheless, modeling of long-term repository performance
indicates that the combination of natural and engineered barriers would keep doses resulting from such
releases well within the regulatory limits established by 40 CFR Part 197 and 10 CFR Part 63.

The concentration of radionuclides at the chief discharge point (Franklin Lake Playa) after 10,000 years
would not be deleterious to human heath (see Section 5.4) or to the health of plants or animals (see Section
5.9). Concentrations of radionuclides downgradient from Franklin Lake Playa (farther away from Yucca
Mountain) after 10,000 years would be even lower.
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Under Waste Acceptance System Requirements Document (DIRS 110306-DOE 1999), RCRA-regulated high-
level radioactive waste would not be accepted for disposal at the Yucca Mountain repository. DOE is aware
that the high-level radioactive waste at both the Idaho National Engineering and Environmental Laboratory
and the Hanford Site contains listed hazardous wastes that would have to be “delisted” by the Environmental
Protection Agency and the appropriate States. The Department would have to petition the Environmental
Protection Agency to delist the waste. Petitions to the relevant states could also be required. DOE would
work with the states and the Environmental Protection Agency to ensure they have the information they need
to evaluate the delisting petitions.

DOE high-level radioactive waste also exhibits certain characteristics of hazardous waste (specifically
corrosivity and toxicity) prior to treatment. The treated waste would not exhibit any of the characteristics of a
hazardous waste. Characteristic hazardous wastes do not require a petition and rulemaking by the
Environmental Protection Agency to exit the hazardous waste system, although the Department would need
to have supporting data and information to demonstrate that the characteristics have been removed from the
treated waste form.

DOE has revised the discussion in Chapter 11 of the Final EIS to clarify these questions.

The table in question appears in Section 1.3.2 of the Final EIS. A footnote has been added to the table to
show that the high-level waste form that would be disposed of in the proposed repository would not exhibit
the Characteristic of Toxicity as measured by the Toxicity Characteristic Leaching Procedure. Section 11.2.4
discusses listed waste that would have to be delisted prior to emplacement in the repository. Waste shipped
to the repository would not be regulated as hazardous waste under the Resource Conservation and Recovery
Act.

Asbestos is not used in the manufacture of nuclear fuel, nor is it contained in high-level radioactive waste.
Polychlorinated biphenyls (PCBs) are not used in the manufacture of nuclear fuel. While some high-level
radioactive wastes are contaminated with PCBs, detectable levels of PCBs are unlikely to remain in the
vitrified high-level radioactive waste forms. Therefore, the Toxic Substances Control Act, its implementing
regulations, and regulations governing disposal of asbestos (or PCBs) are not applicable to the proposed
repository.

DOE approved Order 435.1 after it issued the Draft EIS. As a result, it has included DOE Order 435.1 in the
Final EIS table (Section 11.3), and has deleted the reference to DOE Order 5820.2A.

DOE has revised Table 11-1 of the EIS to include a discussion of the Yucca Mountain-specific radiation
standards at 40 CFR Part 197 that would govern surface and subsurface operational activities at the
repository. These new standards implement the general requirements of 40 CFR Part 191 for the proposed
Yucca Mountain Repository.

This comment is correct. DOE has modified the definition of “controlled area” in the Glossary (Chapter 14)
to be consistent with 40 CFR Part 197.

DOE agrees with this recommendation and has included this change in the EIS Glossary.

In EIS Glossary, DOE has modified the definition of institutional control to include the distinction between
active and passive control.

DOE has revised these definitions in the Final EIS. Chapters 4, 6, and 7 now use the term “maximally
exposed individual,” and Chapter 5 uses “receptor.” The receptor is equivalent to both the “reasonably
maximally exposed individual” defined in the Environmental Protection Agency’s regulations at 40 CFR Part
197. This change reflects the regulatory definitions and requirements for long-term performance recently
promulgated by both agencies.

The text and reference cited in this comment do not appear in the Final EIS.

CR-565 EPA



Comment-Response Document

86.

87.

88.

89.

The reference format that DOE used in the EIS is consistent with document traceability requirements the
Department established for the Yucca Mountain Project. The Environmental Protection Agency report
number is part of the reference text.

Section J.1.4.2.1 of the EIS contains a discussion of accident severity categories, conditional probabilities,
and release fractions. Figure J-9 shows the values for pressurized-water and boiling-water reactor spent
nuclear fuel, respectively.

Both No-Action scenarios assume that the onsite storage facilities would remain under effective institutional
control for the first 100 years. This means that they would be monitored and maintained with repairs being
made as necessary to ensure the integrity of the dry storage canisters. DOE recognizes that the weather-
protection structures (metal buildings for DOE below-grade storage vaults and reinforced concrete storage
modules for commercial spent nuclear fuel), as currently constructed, would not likely remain intact for the
100-year institutional control period without major repairs. Therefore, the Department assumed that a major
repair effort would occur 50 years into the 100-year period (see the figure in the introduction to Chapter 7 of
the EIS). For purposes of analysis, DOE assumed this major repair effort to require 50 percent of the
manpower and materials required to completely replace the facilities. Collective occupational radiation doses
were estimated to be 72 and 118 person-rem for the Proposed Action and Module 1 scenarios, respectively
(see DIRS 104596-Orthen 1999). Although not reported separately, these impacts have been included in the
short-term (first 100 years) impacts for both scenarios, as discussed in Sections 7.2.1 and 7.3.2 of the EIS.

Although the analysis assumed that under institutional control the storage facilities would be maintained and
repaired as necessary, Sections K.4.1.1 and K.4.3.1 of the EIS discuss the uncertainties associated with
maintenance of institutional control and uncertainties associated with environmental degradation and
corrosion rates along with their potential impacts on the reported results. As stated in Section K.4.1.1,
premature failure of effective institutional controls could result in an earlier release of radioactive materials to
the accessible environment. However, this scenario would probably increase overall impacts by no more than
a factor of 2.

DOE agrees that there is some limited potential for a criticality event to occur in degraded spent nuclear fuel
canisters. However, DOE believes the discussion in Section K.2.5.2 of the EIS includes the appropriate level
of analysis and qualitative description of probability. There are many uncertainties and speculative processes
involved in the hypothetical scenario that assumes no effective institutional control after approximately 100
years, as well as the sequence of events that could occur within that scenario. DOE does not believe it is
possible to establish defensible probabilities for this No-Action accident scenario or the components of the
scenario described in this comment that could lead to potential criticality during extended periods of dry
storage with no institutional control (Scenario 2 of the No-Action analysis). Other factors that the analysis
would have to quantify to estimate those probabilities would be different climatic conditions around the
country, the different types of commercially available dry storage configurations, the range of burnup in the
spent nuclear fuel, and the initial enrichment of the fuel.

Rather than specific probability analyses of the impacts associated with this No-Action scenario, the EIS
provides qualitative descriptions of the relative likelihood of criticality events. First, the EIS states that
criticality could be possible (in degraded storage canisters) if other conditions were met simultaneously.
Those other conditions are a configuration that would allow water to enter but not drain out of the storage
canister and fuel containing sufficient fissionable atoms to allow criticality. The second condition would
depend on initial enrichment and burnup of the fuel. The EIS also states that a small amount of the spent
nuclear fuel would be likely to have the appropriate enrichment burnup combinations, which could enable
criticality to occur. Three types of criticality events were acknowledged as possible with only the most
energetic type having potential to produce large impacts. That event is possible, but highly unlikely. It could
happen only if sufficient amounts of fissionable material were brought together suddenly into a critical
configuration. The more likely possibility would be for water to build up around degraded fuel elements. If
fissions began to occur, the water would boil away and the criticality would stop. As noted in Section K.2.5.2
of the EIS, even the most energetic criticality would be unlikely to exceed the impacts associated with an
aircraft crash onto a degraded dry storage module as evaluated in Section K.2.5.1. Therefore, DOE believes
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that further quantification of the probability of such an event would not provide useful information or be
defensible.

As noted in the comment, DOE indicated in the Draft EIS its intention to evaluate updated designs in the
Final EIS. Design updates were first presented and evaluated in the Supplement to the Draft EIS issued in
May, 2001 and then integrated into the Final EIS. The Supplement to the Draft EIS presents new
information, including an improved understanding of the interactions of potential repository features with the
natural environment, the addition of design features for enhanced waste containment and isolation, and
evolving regulatory requirements. The design will continue to evolve in response to additional site
characterization information, technological developments, and interactions with oversight agencies.

With regard to the design process, DOE is nearing a final design but acknowledges, as noted above and as
documented by the Supplement to the Draft EIS, the design could further evolve. However, DOE believes
the design has progressed to a point that it provides a reasonable basis for estimating the range of potential
short- and long- term impacts that would likely result from any final design.
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